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Compounds for enhanced cancer therapy. 
Field of the invention 

5 The present invention relates to methods and compositions for enhanced cancer 
treatment based on nucleoside analogue prodrugs. In a preferred embodiment, the 
invention relates to enhanced suicide cancer therapy. 



10 



Background 



Tumour cells modified to express a Thymidine Kinase (TK) gene acquire the ability to 
convert the non-toxic nucleoside analog ganciclovir (GCV) to its cytotoxic metabolite 
ganciclovir-triphosphate. Cells genetically engineered to express this "suicide" gene 
are eliminated if exposed to ganciclovir. Experimental tissue culture of tumour cells 
15 as well as brain tumour Implants, consisting of a mixture of TK-expressing cells and 
unmodified "native- tumour cells also regress following ganciclovir treatment without 
harm to adjacent normal tissue. This phenomenon, where a minority of TK- 
expressing cells lead to the death and elimination of adjacent native tumour cells not 
expressing TK, has been termed the "bystander effect". Therapy based on delivery of 
20 nucleoside analogues such as AZT alone (where the drug is activated by cells' own 
thymidine kinases) also depends on the bystander effect. 

The "bystander effect is dependent on cell-cell contacts and on intercellular 
communication mediated by gap Junctions. Gap junctions are proteinaceous 
25 channels connecting cells and allow passage of small molecules and ions up to 1000 
Da. Gap Junctions can mediate transfer of phosphorylated ganciclovir from TK- 
posltlve to TK-negative tumour cells. 

Phagocytosis of ganciclovlr-phosphate laden cell debris by adjacent tumour cells also 
30 leads to cell death. Blood vessel endothelial cells within or adjacent to the tumour 
may also acquire TK, and their destruction with gancyclovir therapy may also 
contribute to tumour regression. "Suicide" tumour cells release inflammatory 
cytokines which promote hemorrhagic necrosis in local, but non-contiguous, tumour 
deposits. Furthermore, tumours undergoing a necrotic death, as opposed to 
35 apoptotic cell death, will up-regulate the expression of proteins such as hsp70, IL10 
and IL12, which may enhance immune recognition and rejection. Necrotic tumours 
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may be infiltrated with a wide assortment of Immunocompetent cells such as 
CD4+ lymphocytes, CD8+ lymphocytes, NK cells and Antigen Presenting Cells. 

These infiltrating cells may take part In a tumour-specific immune response, which is 
5 an important component of the local as well as distant anti-tumour immune bystander 
effect (Moolten, F. L., Cancer Research, 46: 5276-5281,1986). 

Intracerebral tumours are also susceptible to Immune clearance following suicide 
gene expression, suggesting that the brain is not en Immune sanctuary for cancer. 

10 

Malignant brain tumours are an appealing target for suicide gene delivery, since the 
entire malignancy is confined to the brain and amenable to eradication by the 
bystander effect. Key components for the success of this strategy are the genetic 
vector from which the suicide gene Is expressed and its delivery vehicle. 

15 

One main obstacle for efficient gene therapy is the difficulty of reaching a sufficient 
proportion of cells with the therapeutic gene or gene product. One way to address 
this issue in vitro is to enhance the bystander effect by transfection with the structural 
gap junction protein connexln 43 (Cx43) gene It is known that recombinant 

20 expression of connexin proteins enhance the bystander effect In suicide gene 
therapy in vitro (Estin D, Li M, Spray D, Wu JK, "Connexins are expressed in primary 
brain tumors and enhance the bystander effect in gene therapy". Neurosurgery 
1999;44(2):361-B; discussion 368-9) and in vivo (Dilber MS, Abedl MR, Chrlstensson 
B, Bjorkstrand B, Kidder GM. Naus CC. et al. Gap junctions promote the bystander 

25 effect of herpes simplex virus thymidine kinase in vivo. Cancer Res 1997;57(8):1523- 
8), presumably by up-regulation of gap junction communication. In a clinical setting 
recombinant expression of connexin proteins is not a feasible way of treating cancer. 

Glioblastoma multiforme (GBM) is a form of brain cancer, which is lethal to 50% of 
30 afflicted patients within 12 months and 90% of afflicted patients within 24 months. 
The therapeutic resistance of GBM is related to its invasiveness and cellular 
heterogeneity (Misra A, Chattopadhyay P, Dlnda AK, Sarkar C, Mahapatra AK, 
Hasnain SE, at al. Extensive intra-tumor heterogeneity in primary human glial tumors 
is a result of locus non-specific genomic alterations. (J Neurooncol 2000;48(1):1-12)) 
35 and tumor invasiveness to the exceptional migratory nature of tumour cells with their 
ability to diffusely infiltrate normal brain tissue (Llpinski CA, Tran NL, Bay C, Kloss J, 
McDonough WS, Beaudry C, et al. Differential role of proline-rich tyrosine kinase 2 
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and focal adhesion kinase In determining glioblastoma migration and proliferation. 
Mol Cancer Res 2003;1(5):323-32). In parallel with pre-clfnical research and clinical 
trials of various anti-neoplastic agents, it is crucial to explore new therapeutic 
paradigms, since the standard treatment armamentarium of surgery, radiation and 
5 chemotherapy only give minor beneficial effects on overall survival, as reported 
(Stewart LA. Chemotherapy in adult high-grade glioma: a systematic review and 
meta-analysis of individual patient data from 12 randomised trials. Lancet 
2002;359(931 1):1011-8). 

10 In addition to Cx43 transfectlon, the therapeutic efficacy of TK based cancer therapy 
can be increased by more efficient and targeted delivery of the gene therapy vector 
to the cancer cells and/or by selecting and/or developing TK genes coding for 
enzymes with improved kinetic properties over HSV-TK (see e.g. WO 01/88106 
"Multi-substrate insect deoxynucleoside kinase variants", and WO 03/100045 'Plant 

1 5 thymidine kinases (TK)"). 

Summary of the Invention 

In a first aspect the invention relates to a pharmaceutical composition comprising at 
20 least one compound capable of enhancing gap-Junction communication and at least 
one nucleoside analogue. By providing this composition, the therapeutic efficacy of 
the nucleoside analogue can be enhanced by the enhanced transfer of activated 
nucleoside analogues between cells via gap-junctions. Tne composition also 
provides enhanced selectivity for cancer tumours. The nucleoside analogues are 
25 selectively toxic to dividing cells, and by adding the enhancer of gap-junction 
communication, the selectivity for cancer tumours, which comprise numerous gap- 
junctions, is increased. 

The invention is based on the novel finding by the present inventors that gap-junction 
30 communication, which is very important for several kinds of cancer therapy, in 
particular thymidine kinase based cancer therapy, can be enhanced by simple small 
organic molecules, which are relatively non-toxic to human beings, exemplified by the 
aromatic fatty acid 4-phenylbutyrate. 



35 



In a preferred embodiment, the composition further comprises a source of a 
deoxyribonucleoside kinase capable of activating the nucleoside analogue to a 
cytotoxic drug. Through this combination, both the efficacy and the selectivity of the 
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treatment can be improved. The selectivity can be improved as the kinase can be 
delivered locally by the use of gene therapy or by liposome-mediated delivery 
targeted for cancer cells. The efficacy can be improved since the targeted ceils 
express larger amounts of kinase, and since kinases with improved kinetic properties 
5 can be used. 

In a further aspect the invention relates to a method of treating cancer by 
administering to a patient a therapeutically effective amount of at feast one 
compound capable of Increasing gap Junction communication, end at least one 
10 nucleoside analogue. Preferably, the method further comprises administration of a 
source of deoxyribonucleoside kinase. 

In a further aspect the invention relates to the use of at least one compound capable 
of enhancing gap-junction communication, and at least one nucleoside analogue, for 
1 5 the preparation of a medicament for the treatment of cancer. 

Preferably, the medicament further comprises a source of deoxyribonucleoside 
kinase. 

20 In a further aspect the invention relates to a method of augmenting the therapeutic 
activity of a nucleoside analogue based cancer therapy, said method comprising 
administering to a patient an amount of at least one compound capable of enhancing 
gap-junction communication and thereby augmenting the therapeutic activity of said 
nucleoside analogue based therapy. 

25 

Preferably the nucleoside analogue based therapy further comprises administration 
of a source of deoxyribonucleoside kinase. 

In a still further aspect the invention relates to articles containing at least one 
30 nucleoside analogue and at least one compound capable of enhancing gap-junction 
communication as a combination for the simultaneous, separate or successive 
administration in cancer therapy. 

Preferably the articles further comprise a source of deoxyribonucleoside kinase. 

35 

Figures 
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Figure 1, Antiproliferative effect of 4-phenvlbutvrate (4-PB) on glioblastoma cultures. 
A. The cell cultures were treated with 4-PB at indicated concentrations and for 
Indicated times, after which they were analyzed by the MTT test as described in the 
Methods section. B-D. Phase contrast micrographs of glioblastoma culture (hGBM-5) 
5 non-treated (B), treated for 24 hours (C), and for 10 days (D), at a concentration of 5 
mM Statistical significance between means was assessed by Student's Meat 
for unpafred values. "*F<0.001 relative to control untreated cells (n=4). 

Figure 2. Concentration-dependent effeota of compounds on cell viability shown bv 
10 MTT test Glioblastoma hGBM-1 (♦), hGBM-5 (□} and hGBM-14 (•} cells were 
cultured with valproic acid (A), splltomycin (B), sodium butyrate (C) and TSA (D) for 
24 hours. Data are expressed as a percentage of untreated control cells ± SE, n = 4. 
Statistical significance between means was assessed by Student's Mest for unpaired 
values, *p< 0.05; **p< 0.01, ***p< 0.001, relative to control untreated hGBM-14 cells; 
15 *p< 0.05; #ftp< 0.01 f ***p< 0.001, relative to control untreated hGBM-1 cells and 8 p< 
0.05; ®p< 0.01, m p< 0.001, relative to control untreated hGBM-5 cells. 

Figure 3, Immunocvtochemical analysis of GFAP expression in primary human 
glioblastoma celts. Glioblastoma cultures hGBM-1, hGBM-5 and hGBM-14 were 

20 immunostalned for GFAP following treatment of 5 mM 4-PB for 48 hours (D-F), 
compared to control cultures (A-C). Note the morphological differentiation of 
glioblastoma cells following 4-PB treatment as seen by GFAP Immunofluorescence 
as well as in insets of phase contrast images. GFAP immunodetection is increased in 
parallel to the redistribution of GFAP to a nuclear/perinuclear localisation in addition 

25 to the usual cytoplasmic distribution. 

Figure 4, Immunodetection of GFAP in human glioblastoma primary cultures bv 
Western blot analysis in the presence and absence of 4-PB. Glioblastoma cells 
cultured in the presence and absence of 4-phenyIbutyrate, were recovered and 

30 processed for Western blot analysis of GFAP expression in protein extracts (60 
pg/lane). Anti-GFAP positive proteins correspond to non-phosphorylated (P0) and 
phosphorylated (P) species of GFAP. (A), (B) and (C) show the relative content of PO 
and P forms of GFAP in the abscense and In the presence of increasing 
concentrations of 4-PB In hGBM-1, hGBM-5 and hGBM-14, respectively. Note the 

35 increase of non-phosphorylated forms of GFAP in hGBM-5 and hGBM-14 when 
treated with 4-PB. Statistical significance between means was assessed by Student's 
f-test for unpaired values. *P<0.05 relative to control untreated cells (n=4). 
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Figure 5, Immunocvtochemistrv of Cx43 and effects of 4-FB. lmmunocytochemistry 
of human GBM call cultures hGBM-1 (A), hGBM-5 (B) and hGBM-14 (C) show 
expression of Cx43. Cells were cultured In 4-PB for 48 hours before fixation and 
5 immunostainfng, showing Cx43 expression and distribution on each of the 3 cell 
cultures hGBM-1 (D). hGBM-5 (E) and hGBM-14 (F). Note the marked Increase of 
connexin 43 expression and its redistribution to cytoplasrnatic processes shown In 
(D). (E)and(F). 

10 Figure 6. Western blot of Cx43 and effects of 4-PB. Human glioblastoma cell 
cultures hGBM-1, hGBM-5 and hGBM-14 express phosphorylated isoforms of Cx43. 
Western blot analysis of Cx43 expression In protein extracts (30 fjglane) in the 
presence and absence of 4-PB in human glioblastoma hGBM-1 (A) and hGBM-5 (B) 
and hGBM-14(C) cells. Antf- Cx43 positive proteins correspond to native non- 
15 phosphorylated (PO) and phosporylated (P1-P2) (phosphorylated isoforms grouped 
together) species of Cx43. Note the marked increase of both Cx43 isoforms in the 
presence of 4-PB. Statistical significance between means was assessed by Student's 
f-test for unpaired values. *P<0.05 relative to control untreated cells (n=4). 

20 Figure 7, Gap junction-mediated fluorescent dve trans fer in the presence and 
absence of 4-PB visualized bv fluorescence microscopy. T umour celts (hGBM-1) 
were preloaded with Dil (red) and calcein (green) fluorescent probes and plated on 
top of unlabelled cells of the same culture according to Materials and Methods. 
Labelled cells were allowed to settle. While Dl! was retained in the pre-loaded cells, 

25 as seen through the red filter (A), green calcein fluorescence, as seen through the 
green filter, had spread to Dil-negative cells, indicating gap junction-mediated 
transfer (B). In a parallel experiment, (C-F), cells preloaded with Dil and calcein were 
plated on top of unlabelled cells, which had been in contact with 4-PB for 48h. After 6 
hours the cells were photographed through the microscope. (C) and (D) show the 

30 control experiment without 4-PB similar to (A) and (B) while (E) and (F) show that 
numerous unlabelled cells had now received calcein. By comparing (D) and (F) It Is 
seen that 4-PB facilitated gap function dependent calcein transfer substantially. White 
arrows indicate examples of dye transfer. 

35 Figure 8. Connexin 43 expression after 4-P B treatment 

Protein from S6 cells treated with 4-PB for 48h was extracted and a Western blot 
analysis was performed. The intensity of the Cx43 specific signal was determined by 



Fronf.NSGENE A/S 

520-000-DK 



+45 4460 8989 25/02/2004 17:12 #032 P. 009/067 

7 



imager and the activation of Cx43 was calculated. S6 cells not treated with 4-PB 
acted as reference. 

Figure 9. The GCV/TK related cell deat h is time dependent 
5 Mixtures of cell clones were treated with drugs as indicated. After 96h (grey bar), 
120h (white bar) and 168h (black bar) MTT tests from three samples were 
performed. The ratios of the MTT tests from TK negative and TK posltve mixtures 
(A1:RFP / S6:RFP) are shown. 

10 Figure 10. Fluorescent dve transfer 

S6 and RFP cells were plated each in two separate dishes with one dish of each cell 
type treated either with AGA or DMSO. S6 cells of both dishes were incubated with 
Calcein-AM and Dil. Cells were trypsinized and 85% RFP cells were mixed with 15% 
S6 cells and mixtures were co-cultured in two dishes where one contained cells 

1 5 pretreated with AGA (right panel). After 2.5 hours cells were incubated with Hoechst 
nuclear stain and Calceln-AM dye transfer from S6 cells to RFP cells was monitored. 
Left panel (A): w/o AGA right panel: with AGA treatment (B), upper row: Calceln-AM 
stain, middle row: Dll stain, lower row. Hoechst nuclear stain. White arrows indicate 
example of dye transfer, 

20 

Figure 11. Dve transfer from neura l stem cells 

Human neural stem cells were preiabeled with Dil and Calcein-AM as described in 
Materials and Methods. Two hours after plating stem ceils with glioblastoma cells, 
transfer of Calcein-AM to non-labelled tumour cells can be seen (indicated by white 
25 arrows). 

Figure 12. 4-PB erxha^cad dve transfer from neural stem cells to glioblastoma pe|l$ , 
Human neural stem cells were preiabeled with Dil and Calceln-AM as described in 
Materials and Methods. A few hours after mixing of stem cells with glioblastoma cells, 
30 transfer of Calceln-AM can be seen. White arrows indicate glioblastoma cells labeled 
with calcein from neural stem cells. A; Untreated control. B; Stem cells and 
glioblastoma cells pretreated with 4-PB prior to dye transfer analysis. White arrows 
indicate examples of glioblastoma cells that have received calceln-AM. 

35 Detailed description: 

Definitions: 
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"A pharmaceutical^ acceptable prodrug" is a compound that may be converted 
under physiological conditions or by solvolysls to the specified compound or to a 
pharmaceutical^ acceptable salt of such compound. 

Pharmaceutical^ Acceptable Salts 

The chemical compounds of the invention may be provided In any form suitable for 
the intended administration. Suitable forms include pharmaceutlcally (i.e. 
physiologically) acceptable salts, and pre- or prodrug forms of the chemical 
compounds of the invention. 



Examples of pharmaceutlcally acceptable addition salts include, without limitation, 
the non-toxic inorganic and organic acid addition salts such as the hydrochloride, the 
hydrobromide, the nitrate, the perchlorate. the phosphate, the sulphate, the formate, 
the acetate, the aconate, the ascorbate, the benzenesulphonate, the benzoate, the 
1 5 cinnamate. the citrate, the embonate, the enantate. the fumarate. the glutamate. the 
glycolate, the lactate, the maleate, the malonate, the mandelate, the 
methanesulphonate. the naphthalene-2-sulphonate derived, the phthalate, the 
salicylate, the sorbate. the stearate. the succinate, the tartrate, the toluene-p- 
sulphonate, and the like. Such salts may be formed by procedures well known and 
20 described in the art. 

Examples of pharmaceutical^ acceptable cationic salts of a chemical compound of 
the Invention include, without limitation, the sodium, the potassium, the calcium, the 
magnesium, the zinc, the aluminium, the lithium, the choline, the lysine, and the 
25 ammonium salt, and the like, of a chemical compound of the invention containing an 
anionic group. Such cationic salts may be formed by procedures well known and 
described in the art. 



Sequence identity 

30 In the context of this Invention "identity" is a measure of the degree of identical amino 
acid residues among sequences. In order to characterize the identity, subject 
sequences are aligned so that the highest order homology (match) Is obtained. 
Based on these general principles the "percent identity" of two amino acid sequences 
is determined using the BLASTP algorithm [Tatiana A. Tatusova, Thomas L 

35 Madden: Blast 2 sequences - a new tool for comparing protein and nucleotide 
sequences; ffms Microbiol. Lett. 1999 174 247-250], which is available from the 
National Center for Biotechnology Information (NCBl) web site, and using the default 
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settings suggested here (i.e. Matrix = BIosum62; Open gap « 11; Extension gap = 1; 
* Penalties gab x_dropoff - 50; Expect = 10; Word size = 3; Filter on). The BLAST 
algorithm determines the % sequence identity in a range of overlap between two 
aligned sequences. For the purposes of the present invention, the percent sequence 
5 identity is preferably calculated in a range of overlap of at least 50 amino acids, more 
preferably at least 75 amino adds, more preferably at least 100 amino acids, the 
range being calculated by BLASTP under default settings. 

In the context of this Invention, "identity" Is a measure of the degree of homology of 
10 nucleotide sequences. In order to characterize the identity, subject sequences are 
aligned so that the highest order homology (match) is obtained. Based on these 
general principles, the "percent identity" of two amino acid sequences or of two 
nucleic acids is determined using the BLASTN algorithm [Tatiana A Tatusova, 
Thomas L. Madden: Blast 2 sequences - a new tool for comparing protein and 
15 nucleotide sequences; FEMS Microbiol. Lett. 1999 174 247-250], which Is available 
from the National Center for Biotechnology Information (NCBI) web site, and using 
the default settings suggested here (i.e. Reward for a match = 1; Penalty for a match 
= -2; Strand option = both strands; Open gap * 5; Extension gap = 2; Penalties bap 
xjdropoff = 50; Expect = 10; Word size = 11; Filter on). The BLASTN algorithm 
20 determines the % sequence identity in a range of overlap between two aligned 
nucleotide sequences. For the purposes of the present Invention the percent 
sequence identity is preferably calculated in a range of overlap of at least 100 
nucleotides, the range being determined by BLASTN under default settings. More 
preferably the range of overlap is at least 300 nucleotides. 

25 

Deoxyribonucleoside kinase 

DNA is made of four deoxyribonucleoside triphosphates, provided by the de novo 
and the salvage pathway* The key enzyme of the de novo pathway is ribonucleotide 
reductase, which catalyses the reduction of the 2-OH group of the nucleoside 
30 diphosphates, and the key salvage enzymes are the deoxyribonucleoside kinases, 
which phosphorylate deoxyribonucleosides to the corresponding 
deoxyribonucleoside monophosphates. According to the present invention a 
deoxyribonucleoside kinase is an enzyme capable of phosophorylating at least one 
deoxyribonucleoside or deoxyribonucleoside analogue. 

35 

Nucleoside analogue, 
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A nucleoside analogue Is defined as compound comprising a deoxyribonucleoside 
structure, which compound Is substituted In relation to a naturally occurring 
deoxyribonucleoside either on the deoxyribose part of in the purine or pyrimidine ring. 
A nucleoside analogue is essentially non-toxic in its non-phosphorylated (nucleoside) 
5 state. Analogs of the naturally occurring nucleosides are usually administered as 
prodrugs, e.g. unphosphorylated, as the omission of the negative charges from the 
phosphate groups allows effective transport of the analog into the cell- Once 
prodrugs are converted Into a potent cytotoxic metabolite they Inhibit or disrupt DNA 
synthesis. The tumor cells subsequently die via necrotic or apoptotic pathways. 

10 

Hybridisation 

Hybridization should be accomplished under at least low stringency conditions, but 
preferably at medium or high stringency conditions. 

15 Suitable experimental conditions for determining hybridisation at low, medium, or 
high stringency conditions, respectively, between a nucleotide probe and a 
homologous DNA or RNA sequence, involves pre-soaking of the filter containing the 
DNA fragments or RNA to hybridise In 5 x SSC [Sodium chloride/Sodium citrate; cf. 
Sambroak et aA; Molecular Cloning: A Laboratory Manual. 2 nd Ed., Cold Spring 

20 Harbor Lab., Cold Spring Harbor, NY 1989] for 10 minutes, and prehybrldlzatlon of 
the filter in a solution of 5 x SSC, 5 x Denhardfs solution [cf. Sambroak et ah; Op 
cifj, 0.5% SDS and 100 ug/ml of denatured sonicated salmon sperm DNA [cf. 
Sambrook et ah; Op eft], followed by hybridisation in the same solution containing a 
concentration of 10 ng/ml of a random-primed [Fa'mbarg AP & Vogefstein S; Anal 

25 Biochem . 1983 132 6-13], ^P-dCTP-labeted (specific activity > 1 x 10* cpm/pg) 
probe for 12 hours at approximately 45*C. 

The filter is then washed twice for 30 minutes in 2 x SSC, 0.5% SDS at a 
temperature of at least 55°C (low stringency conditions), more preferred of at least 
30 60°C (medium stringency conditions), still more preferred of at least 65°C 
{medium/high stringency conditions), even more preferred of at least 70 a C (high 
stringency conditions), and yet more preferred of at least 75*C (very high stringency 
conditions). 

35 Molecules to which the oligonucleotide probe hybridises under these conditions may 
be labelled to detect hybridisation. The complementary nucleic adds or signal nucleic 
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acids may be labelled by conventional methods known In the art to detect the 
presence of hybridised oligonucleotides. The most common method of detection Is 
the use of autoradiography with e.g. 3 H, 12 *l, ^S, 14 C, or 32 P-Iabelled prober which 
may then be detected using an X-ray film. Other labels include ligands, which bind to 
5 labelled antibodies, fluorophores r chemoluminescent agents, enzymes, or antibodies, 
which can then serve as specific binding pair members for a labelled ligand* 



Phenyibutyrate, Phenylacetate 



10 



15 



Compounds which are capable of enhancing gap-junction communication comprise 
compounds of the formula: 



Rt— C- 



f 

c— 

I 

R4 



o 

II 

C — OH 



CD 



wherein Ro is aryl (e.g., phenyl, napthyl), phenoxy, substituted aryl (e.g., one or more 
halogen [e.g., F, CI, Br, I], lower alky! [e.g., methyl, ethyl, propyl, butyl] or hydroxy 
substituents) or substituted phenoxy (e.g., one or more halogen Ie.g., F, CI, Br, t], 
lower alkyl [e.g., methyl, ethyl, propyl, butyl] or hydroxy substituents); 



R, and R 2 are each H, lower alkoxy (e.g., methoxy, ethoxy), lower straight and 
branched chain afkyl (e.g., methyl, ethyl, propyl, butyl) or halogen (e.g., F, CI, Br, i); 



20 R 3 and R* are each H, lower straight and branched chain alkyl (e.g., methyl, ethyl, 
propyl, butyl), lower alkoxy (e.g., methoxy, ethoxy) or halogen (e.g., F, CI, Br, I); and 

n is an integer from 0 to 2; 

25 salts thereof (e.g., Na + , K* or other pharmaceutical^ acceptable salts); stereoisomers 
thereof; and mixtures thereof. 



When n is equal to 2, each of the two R 3 substituents and each of the two R4 
substituents can vary independently within the above phenylacetic acid derivative 
30 definition. It is intended that this definition includes phenylacetic acid (PA) and 
phenylbutyric acid (PB). Mixtures according to this definition are Intended to include 
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mixtures of carboxyllc acid salts, for Instance, a mixture of sodium phenylacetate and 
potassium phenylacetate. References herein to a carboxyiate, such as phenylacetate 
(PA) or phenylbutyrate (PB) P are intended to refer also to an appropriate counter 
cation, such as Na* a K* or another pharmaceutical^ acceptable cation such as an 
5 organic cation (e.g., arginina). Thus, as used herein, a PA or PB derivative or analog 
refers to the phenylacetlc add derivatives of this definition. Some of these derivatives 
can be interconverted when present in a biological system. For instance, PA can be 
enzymaticatly converted to PB within an animal and, similarly, PB can be converted 
to PA. A number of the compounds falling under th© generic formula I above have 
10 been shown to have equivalent effects to PB and PA in vitro and in vivo (US 
5,605,930). 

In a more preferred embodiment, the compounds capable of enhancing gap-junction 
communication refer to a compound of formula I, wherein 
1 5 Ro^aryl, phenoxy, substituted aryl or substituted phenoxy; 

R t and R2«"H, lower alkoxy, lower straight and branched chain alkyl or halogen; 
Ra and Rv*H, lower alkoxy, tower straight and branched chain alkyl or halogen; and 
n=an integer from 0 to 2; 

salts thereof; stereoisomers thereof; and mixtures thereof. 

20 

Thus, phenylacetic acid derivatives include* without limitation, phenylacetic acid, 
phenylpropionic acid, phenytbutyric acid, 1-naphthylscette acid, phenoxyacetfc acid, 
phenoxypropionic acid, phenoxybutyric acid, 4-chlorophenyiacetic acid, 4- 
chlorophenylbutyric acid, 4-todophenylacetic acid, 4-iodophenyibutyric acid, a- 

25 methylphenylacetic acid, a-methoxyphenylacetic acid, o-ethylphenylacetic acid, a- 
hydroxyphenylacetic acid, 4-fluorophenylacetic acid, 4-ffuorophenyfbutyrfc acid, 2- 
methylphenyiacetic acid, 3-methyiphenylacetlc acid, 4-rnethylphenylacetic acid, 3- 
chlorophenylacetic acid, 3-chlorophenylbutyrlc acid, 2-chlorophenylacetic acid, 2- 
chiorophenylbutyric acid and 2,6-dichlorophenylacetic acid, and the sodium salts of 

30 the these compounds. 

Among the PA and PB derivatives the most preferred are 4-phenylbutyric acid, 
phenylacetic acid or their pharmaceutical^ acceptable salts as these have been the 
subject of numerous clinical safety trials, and as they are tolerated well by human 
35 beings in mM amounts. The most preferred compound is 4-phenyibutyrate or one of 
its pharmaceutical ly acceptable salts, because 4-phenyibutyrate is tolerated well and 
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has been tested in numerous clinical trials. Of the salts, sodium and potassium 4- 
phenylbutyrate is most preferred. 



It Is also contemplated that the organic acids to be used in the present Invention can 
5 be administered as the corresponding anhydride, ester or amide pro-drugs, which 
may be converted into the corresponding salt in vivo. Esters Include lower alkyl 
esters (methyl, ethyl, propyl, butyl), which may be substituted with one or more 
halogens for increased solubility. In the case of amides, the nitrogen atom may also 
bo substituted. Anhydndes ere lead preferred due to their inherent Instability. 

10 

In another embodiment of the invention, the compounds capable of enhancing gap- 
junction communication comprise valproic acid, a pharmaceutical^ acceptable salt 
thereof, an ester, an amide, or anhydrides thereof. Valproic acid and its salts like 4~ 
PB are approved drugs that can be tolerated In large amounts by patients, 

15 

It is also contemplated to use longer chain phenyl fatty adds (PA, 4-PB, 6-phenyi- 
hexenoic, 8-phenyI-octanoic, 1 0-phenyl-decanoic, etc, as these can be converted 
through betaoxidation into 4-PB. However the C-6 and longer aromatic fatty acids are 
less soluble than 4-PB and therefore less preferred. 

20 

Further examples of compounds which are believed to enhance gap-junction 
communication Include splitomicin (Bedalov et al, Proc Natl Acad Sci USA. 2001 
Dec 18;98(26): 151 13-8), Trichostatln A (1. Merck Index., 13th Edition: 9722, page 
1720), and butyric acid and pharmaceutical^ acceptable salts or prodrugs of any of 
25 these. The ability to enhance gap-junction communication can be verified In dye 
transfer experiments as described in the appended examples or by determining their 
enhancement of the cytotoxic effect of nucleoside analogues (Example 3 herein). 



It is also contemplated that two or more different compounds capable of enhancing 
30 gap-junction communication can be administered to the same individual. The 
composition according to the invention may thus comprise at least three compounds 
capable of enhancing gap-junction communication, such as at least 3 compounds, for 
example at least 4 compounds, such as at least 5 compounds. 



35 



Deoxyribonucleoside kinases 
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Deoxyribonucleoside kinases (dNK) from various organisms differ In their substrate 
specificity, regulation of gene expression and cellular localisation. In mammalian cells 
there are four enzymes with overlapping specificities, the thymidine kinases 1 (TK1) 
and 2 (TK2), deoxycytidine kinase (dCK) and deoxyguanoslne kinase (dGK) 
5 phosphorylate purine and pyrimidine deoxyrjbonucleosldes. TK1 and TK2 are 
pyrimidlne specific and phosphorylate daoxyurldine (dUrd) and thymidine (dThd), and 
TK2 also phosphorylates deoxycytidine (dCyd). dCK phosphorylates dCyd, 
deoxyadenoslne (dAdo) and deoxyguanoslne (dGuo), but not dThd. dGK 
phosphorylates dGuo and dAdo. In mammals, TK1 Is cytosolic, and TK2 and dGK 
10 are localised in the mitochondria, although recent reports Indicate a cytoplasmic 
localisation of TK2 as well. 

The best known and most studied example of suicide gene therapy Is Herpes 
simplex virus (HSV) thymidine kinase (ft) gene (Karreman, 1998, A new set of 
15 positive/negative selectable markers for mammalian cells. Gene. 218: 57-61). The 
HSV tk gene leads to cell death when growing cells are exposed to antiherpetlc 
nucleoside analogs such as ganciclovir (GCV), as this and other prodrugs are 
metaboiiaed by HSV TK to toxic metabolites. 

20 A Drosophlla melanogaster deoxyribonucleoside kinase (Dm-dNK) phosphorylate all 
four natural deoxyribonucleosldes as well as several nucleoside analogs (Munch- 
Petersen et aL P 1998, Four deoxynucfeoslde kinase activities from Drosophila 
melanogaster are contained within a single monomeric enzyme, a new 
multifunctional deoxy nucleoside kinase. J Biol Chem, 273: 3926-31; Munch-Petersen 

25 et al 2000, Functional expression of a multlsubstrate deoxyribonucleoside kinase 
from Drosophila melanogaster and Its C-terminal deletion mutants. J Biol Chem. 275: 
6673-9). The broad substrate specificity of this enzyme together with a high catalytic 
rate makes it unique among the nucleoside kinases for use as a suicide gene in 
combined gene/chemotherapy of cancer. 

30 

Mutant forms of the Drosophila melanogaster Dm dNK have been developed, which 
have broad substrate specificities (WO 01/88106 "Multi-substrate Insect 
deoxynucleoside kinase variants"}. A particularly preferred variant is the variant B5 
because its degree of activation is approximately 50 times better than wild type Dm 
35 dNK for gemcitabine. The degree of activation is defined as the ratio of the ICbo of the 
prodrug In the nontransfected eel! line to the IC M of the nucleoside analogue in the 
transfected cell line. 
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Examples of deoxyribonucleoslde kinases that can be used in the context of the 
present invention include human TK1 and TK2 and human dCK and human dGK. 
These and other recombinant kinases in a gene therapy approach can be 
S overaxpressed in the tumour cells by placing them under the control of a strong 
constitutive or tissue specific promoter, such as the CMV promoter, human UbiC 
promoter, JeT promoter (US 6,555,674), SV40 promoter, and Elongation Factor 1 
alpha promoter (EF1-alpha). Another type of preferred promoters include tissue 
specific promoters whioh preferably encompass promoters that are expressed 

10 specifically in cancer ceils {e.g. the intermediate filament protein nestin promoter 
promotes cell-specific expression In neuroepithelial cells of stem cell or malignant 
phenotype (Lothian, C. etaL, 1999, Identification of both general and region-specific 
embryonic CNS enhancer elements in the nestin promote, Exp.Cell Res., 248:509- 
519). Other suitable examples of tissue specific promoters include: 

1 5 PSA prostate specific antigen (prostate cancer) 
AFP AIpha-Fetoprotein (hepatocellular carcinoma) 
CEA Carcfnoembrionic antigen (eplthe)ial cancers) 
COX-2 Cyclo-oxygenase 2 (tumour) 
MUC1 Mucln-llke glycoprotein (carcinoma cells) 

20 E2F-1 E2F transcription factor 1 (tumour) 



Non-limiting examples of specific known sequences of deoxyribonucleoslde kinases 
comprise for example the following: 

HSV-fck wild type ACCESSION V00470 (SBQ ID NO 1) 

VALGSIUDDIVYVPEPMTYWRVLGASETXAN^ 
XAPHXGGEAGSSHAPPPiU^TLIFDRHPXiU^ 
IjPEDRHIDIUjAXRQRPGBRI^^ 
NAGPRPHIGDTLFTLF^PELLAPNGDLYNW^ 
30 GMVQTHVTTPGSIPTIGDDARTFAREMGEAN 



Dx-osopbil* melanograBter wildtypo kinase GufimK ACCtf Y18Q4S <SEO I*> 
NO 2> 

35 MAEAASCAZUCGTKYAEGTQPFTVTjIEGNIGSGKTO 
YKDPKKW^PFQSYVTLTMTiQSHTAPTl^ 
lEESIHVQADLIXVLRTSPEVAYEaXRQRARSEESC^^ 
DLNLENXGTEYQRSESSIFDAISSNQQPSPVIiVSPSKRQRVAR 

40 

Tomato TK <SEQ ID NO 3) 

MAFSSSAEttvfPVDLRNGSKNSFCF^ 
DAWiraGTRFPOtfSLPDLSSFKQRFG:^ 
45 GDYLRKSPGSVLDIIPLADTVTKkTARCELCN^^ 
VMESiUOIVLESHKVSNErilLESPLVDP 
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Arabidopaia thaliana dNK (0EQ XD MO 4) 

MVDYLRSSVGXIHRNHAESIOTFIKESVDDEL^ 

CFVELQDIjVBXVPEPVDKWQDVGPDHFNXLDAFYSEPQRYAYTFQNYV^ 
5 RSVFSDRMVFVRAVHEAKWMN^^ 

QGVSIiKYXiQDLHEKHESWLLPFESG^GVLSVSRPSLHMDNSLHPDIKDRV^ 

VLDCEPNXDFSRDIE^TQYARQVAEFFEFVKKKQETST^^ 

DLPPLDDKSH/TRPSA 

10 Droooplxila melanogaator, atutont B5 <S2Q ID NO 5) 

MAEAASCARKGTXYAEGTOPFTVLXEGNIGSGKTTYIj^ 
YXDPKKWAMPFQSYATIiTI^QSHT^ 

lEBSIHVQADl/IIYLRTSFI^AYERIRQRARSEESCVPLKYL^ 
DliDL ENIGTEYQRS E S S I F DAI S ST8QQPS P VPVS P SKRQRVAR 

15 

>Axabidops±a tfaaliana dCGK NB_565032 (SSQ XD NO 6) 

1 mqkilcksfct sstpvlstpv nalaag£isl gfiktpvknlp pcattkplat cffstsampt 
61 ttasvssggv gfsaylqrtv hkpapasvrf stagyrtcrc sidgtnrawv gartgewralf 
121 csdetggltp vnatagawe seeesdgede deekdekpvr mnrrnrseeg egefvgnpdl 

20 181 lkipgvglrn qrklvdngig dvaelkklyk dkfiwkasqkm vdylrsavgi ihrnhaesxt 
241 tfikeevdde lkdagpepni nvkkrltfcv egnisvgkst flqrianetv elqdlveivp 
3 01 apvdkwqdvg pdhfnildaf ysepqryayt fqnyvfvtrl mqekeeasgv kplrlmersv 
3 61 fsdrravfvra vheakwmnem elalydswfd pwsalpglv pdgfiylras pdtchkrmml 
421 rkraeeggv© lkylqdlhak heswllpfes gnhgvlsvsr pslhm&ntolh pdikdrvfyl 

25 481 egiihmhsaiq kvpalvldca pnidfsrdie aktqyarqva effefvkkkq efcsteksnsq 
541 spvllphqng glwmgpagnh vpgldlppld Ikalltrpsa 

>Oryaa satlva dCGK BAB86213 (SSO XD SCO 7) 

1 mvaflqssvg iihknhaesi tlfikeevde elkgfcdspnv sknkrltfcv egnisvgktt 
30 61 f Iqrianeti elrdlveivp epiakwqdvg pdhfnildaf yaepqryayt fqnyvfvtrv 
121 iuqekesssgi kplrlmersv fsdrmwkfl kvfvravhea nwmnameisi ydswfdpws 
181 slpglipdgf iylraapdtc hkrrnmvrkra eeggvtldyl rglhakhesw llpskgqgpg 
241 vlsvsqvpvh megslppdir ervfylegdh rohssiqkvpa lvldcehdid fnkdieakrq 

35 

>H. Kaplans dCK XP_0O3471 (SEQ XD NO 8} 

MATFPKRSCFSFSASSEGTRIKKISIEGNIAAGKSTFVNIL^^ 

ELTMSQKNGGNVI^QMMYEKPERWS FTFQTYACLSRIRAQIiASIiNGKIjKDAEKPVIjFFERSVYSDRY X FA 
S3^YESECMt^^Em , ryQDWHDWMNNQFGQSLE^DGlIYL 
40 LHYKHESV^LHRTOLKTNFDYL^ 

>H. aaplana dGK XP_002341 {3ZQ XD 210 9) 

MAAGRLFLSRIjRAPFSSMAKSPLEGVSSSRGLHAGRGPRRIiSIEGNIAVGK^^ 
EFVATWQNIQAAGtfQKACTAQSLGttoLDMM^ 
45 IFERS VYSDRY I FAKNIjFENGSLSDIEIWHI YQDWHSFIjIjWBFASRITLHGF X YLOASPQVCliKRLYQRA 
REEEKGIELAYLEQLHGQHEAWLIKKTTKLHFEA^ 
L 

>a. aapiana TK2 NP_004605 (SEQ ID SO 10) 

50 MGAFCQRP S SDKEQEKEKKSVICVEGNI AGGKTTCXiEFFSNATDVEVLTEPVSKWRKWGKNPr.GLMYK 
DASRWGLTLQTWQLOMLDRHTRPQVSSVRLM^ 

RNMDVS VDti I VYLRTNPETCYQRIfKKRCREEEKVT PLEYLEAIHHLKEEWLIKGSIiFPMAAPVLVIEAD 
HHMERMLELFEQNRDRiriTPENRKHCP 

55 >B. ttapxraa TK1 XP_037195 (0EQ XD NO 11) 

MSClNLFTVIiPGSPSKTRGQIQVTIiGPMFSGKST^ 
RNTMEALPACkljRDVAQBAIrGK^VXG^^ 
ZaVPtJVESVVKIiTAVCMECFREAAYTKRIiGTEK^ 
VPGKPGEAVAARKLFAPQQIIiQCSPAN 

60 
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>Boffibyw mori dNK (SBQ ID NO 12) 

1 msannvkpfti vfvfcgnigsg kttflQhfrg fieditlltep vemwrdlkgc nllelraykdp 

61 ekwamtfqcay vsltmldirihr rpaptpvklzn erslfsaxyo fvehiairnnb llipacjfavld 

121 ewfrfiiqhxii pidadlivyl ktspsivyqr Ikkrarseetf cvplsyiesl hrlhedwlin 

5 181 rlhaecpapv lvldadldl* qitdeykrse hqilrkavnv vmssprxKlisp kkpiattpik 
241 ifcphmril 

>Anoplieleo ONK (SBQ ID NO 13) 

1 0 LDLWYKESHRWAMPFQ'TYVTLTMI^^ 

QGMYlSa^QEWYDFICCNIHIQADLTVYIjQTSPEWYERMKQRT^ 

IiHENWI*IHGASPRPAPVI#VIjNADLDLNTIGAEYERSETS X LKPIIiI ENTNQHAIIjTSPAK 
RAKTDF 

15 

>Rice TKl (SBQ IP mo 14) 

MSSICAMRSLLJUlSTFLRSGASPLLRPIiSRFL^ 
SAMEAQPSYPGEIHVIVGPMFAGKTTALLRRV^ 
GTKMPCWALPELSSFQDKI/JTEAYDKV^^ 
20 GDYKRlTCFGSVIJ3XXPI*ADSTO;i^^ 

HYLDGQIVIEATRXVLDLEKSKVIHAFK 

thaliw* TKl AAF13097 (SXQ ID HO 15) 

MATLKASFLIKTLDSDVTGDF^SDLE^GSGAVHVIMGPMFSGKSTSLLRRIKSEISIXSR^ 
25 VAMIjKSSKDTRYAKDSVVTHDGIGFPCWALPDL 

DLYEFCCKVADDDGKIVIVAGIiDGDYIiERSFGAVtiDII FXADSVTKLTARCEVCGHKAFF 
TLRKNCDTRTELXGGADVYMPVCRK^ 

>A. fcbaliana ttKlb (SEQ ID NO 16) 

30 M&TJL I S PSIiAPFSl*HLHKPSLFSTALRFSFSINNira!TNSPPST 

I S TRKIiQTKATRVTS 5 S S 5 QPL SS SS PGE IHVWGP^SGKTTTLLRR XL AERETGKR 
XAI I KSNKDTRYCTES I VTHDGSKYPC WSLPDLS S FKERFGFDDYENRLDVXGXDEAQ 
FFGDIiYEFCREAADKEGKTVIVAGLDGDFMRRRFGSVLDIilPXADTVTKLTSRCEVCG 
KRAIjFTMRKTSEKETELIGGAEVYMPVCRSHWCGQNVXETARAVLDSSNNHS 

35 l 



>TomM.tO OCGK (SEQ ID HO 17} 

WEFLQSSIGIIHRNHAESIT^YIS.KSVDEEriKSaSINSDa 
40 NVXSTQKKRLTFCVEGNXSVGKOT^ 

LDAFYAEPQRYAYTFQNYVFVTRWQERESSGGIRPLRLMERSW 

MNEMEXSIYDSWDPWSTLPGLlFlXiFXYXiRASPOT^ 

LHEKHESWLFPFESGNHGVLSVSELPLNTO^ 

VLTCEPNIDFNRDXEAKRQYARQV^FFEFVKKKQBVMPGAGEEQPKGNQAPVMLP 
45 LWVPGGKFSESTLNLDFRRNMSFMSH 



The corresponding nucleotide sequences can be found in Genbank using the 
accession numbers given above, In the references given above and for the plant 
50 kinases in WO 03/100045 (thymidine kinases), and WO 2004/003185 (dCK/dGK). 



In a preferred embodiment, the deoxyribonucleoside kinase is selected from the 
group consisting of 

a) a deoxyribonucleoside kinase having the amino acid sequence of any of SEQ 
55 ID No 1 to 17; 
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b) a deoxyribonucleoside kinase variant comprising an amino acid sequence 
having at feast 50% sequence identity to any of SEQ ID No 1 to 17; 

c) a deoxyribonucleoside kinase encoded by a nucleotide sequence capable of 
hybridising under conditions of high stringency to a nucleotide sequence 

5 encoding any of SEQ ID No 1 to 17. 

In the context of this Invention, the term kinase variant is a polypeptide (or protein) 
having an amino acid sequence that differs from the sequence presented as SEQ ID 
NO: 1, aa SEQ ID NO:2, as SEQ ID NO: 3. as SEQ ID NO: 4, as 3EQ ID NO: 5, as 

10 SEQ ID NO: 6, as SEQ ID NO: 7, as SEQ ID NO: 8, as SEQ ID NO: 9, as SEQ ID 
NO: 10, as SEQ ID NO: 11, as SEQ ID NO: 12, as SEQ ID NO: 13, as SEQ ID NO: 
14, as SEQ ID NO: 15, as SEQ ID NO: 16, as SEQ ID NO: 17, at one or more amino 
acid positions and has dNK activity. Such analogous polypeptides include 
polypeptides comprising conservative substitutions, splice variants, isoforms, 

15 homologues from other species, and polymorphisms. 

As defined herein, the term "conservative substitutions* denotes the replacement of 
an amino acid residue by another, biologically similar residue. Examples of 
conservative substitutions include 
20 (i) the substitution of one non-polar or hydrophobic residue such as alanine, 
leucine, isoleucine, valine, proline, methionine, phenylalanine or tryptophan for 
another, in particular the substitution of alanine, leucine, isoleucine, valine or proline 
for another; or 

(ii) the substitution of one neutral (uncharged) polar residue such as serine. 
25 threonine, tyrosine, asparagine, glutamine, or cysteine for another, in particular the 

substitution of arginine for lysine, glutamic for aspartic acid, or glutamine for 
asparagine; or 

(iii) the substitution of a positively charged residue such as lysine, arginine or 
histidine for another; or 

30 (iv) the substitution of a negatively charged residue such as aspartic acid or 
glutamic acid for another 

Modifications of this primary amino acid sequence may result in proteins which have 
substantially equivalent activity as compared to the unmodified counterpart 
35 polypeptide, and thus may be considered functional analogous of the parent proteins. 
Such modifications may be deliberate, e.g. as by stte-dlrected mutagenesis, or they 
may occur spontaneous, and include splice variants, isoforms, homologues from 
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other species, and polymorphisms. Such functional analogous are also contemplated 
according to the invention. 

It has been found that deoxyribonucleoslde kinase enzymes that are C- and/or N- 
5 terminally altered significantly change their properties In particular In respect of 
kinetic properties such as turnover and substrate specificity. So from having a more 
restricted specificity, usually deoxycytldlne kinase (dCK) and deoxyguanosine kinase 
(dGK) activity, the deoxyribonucleoslde kinase enzymes of the invention may be 
converted into essentially multi-substrate enzymes, having ability to phosphorylate all 
10 four deoxyribonucleosides. 

A variant deoxyribonucleoslde kinase variant can be defined with reference to the 
amino acid sequence of a known deoxyribonucleoslde kinase, such as any of the 
kinases disclosed above. In a preferred embodiment, the variant kinase has at least 

15 50% sequence identity to a reference sequence, mora preferably at least 60% 
sequence Identity, more preferably at least 70% sequence Identity, more preferably 
at least 75% sequence identity, more preferably at least 80% sequence Identity, 
more preferably at least 85% sequence identity, more preferably at least 90% 
sequence identity, more preferably at least 95% sequence identity. The individual 

20 reference sequence may be either of SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO: 3, 
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7. SEQ ID NO: 8, SEQ ID 
NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID 
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, and SEQ ID NO: 17. 

25 In a more prefened embodiment, the deoxyribonucleoslde kinases comprise a 
deoxyribonucleoslde kinase selected from the group consisting of 

a) a deoxyribonucleoside kinase having the amino add sequence of any of 
SEQ ID NO 1 to 5; and 

b) a deoxyribonucleoslde kinase variant comprising an amino acid sequence 
30 having at least 70% sequence identity to any of SEQ ID No 1 to 5 and 

having dNK activity. 

Of course, it is also possible to administer two or more deoxyribonucleoslde kinases 
to the same individual. 

35 

Without being limiting the following combinations of kinase and nucleoside analogues 
are preferred: 
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HSV-tk-GCV, ACV r penclclovir 

Drosophila melanogaster dNK or B5- gemcitabine, CdA, FaraA, araC, ddC 
Plant TKs Including Tomato TK- AZT, D4T, ddT, fluorouridine 
Plant dNKs including Arabidopsis thaiiana dNK- gemcitabine, CdA, FaraA, araC, 
5 ddC. 

Method of treatment 

For use in clinical therapy the deoxyribonucteostde kinase enzyme may b« 
10 administered in any convenient form, in a preferred embodiment, 
deoxyribonucleoslde kinase enzyme is incorporated into a pharmaceutical 
composition together with one or more adjuvants, excipients, carriers and/or diluents, 
and the pharmaceutical composition prepared by the skilled person using 
conventional methods known in the art. 

15 

The composition may be administered alone or in combination with one or more 
other agents, drugs or hormones. 

The pharmaceutical composition of this Invention may be administered by any 
20 suitable route, including, but not limited to oral, intravenous, Intramuscular, inter- 
arterial, intramedullary, intrathecal, intraventricular, transdermal, subcutaneous, 
intraperitoneal, intranasal, anteral, topical, sublingual or rectal application, buccal, 
vaginal, intraorbital, intracerebral, intracranial, intraspinal, Intraventricular, 
intracisternal, intracapsular, Intrapulmonary. transmucosal, or via inhalation. 

25 

Further details on techniques for formulation and administration may be found in the 
latest edition of Remington's Pharmaceutical Sciences (Maack Publishing Co., 
Easton, PA). 

30 The active ingredient may be administered in one or several doses per day. Currently 
contemplated appropriate dosages are between 0.5 ng to about 50 jig/kg 
deoxyribonucleoslde klnase/kg body weight per administration, and from about 1.0 
ng/kg to about 100 jig/kg daily. 

35 As for the dosage of the compounds capable of enhancing gap-junction 
communication, reference can be made to numerous clinical trials of 4-phenylbutyric 
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acid and phenylacetic acid (Carducci et al 2001, Clinical Cancer Research 7:3047- 
3055; Berg et al, 2001 Cancer Chemother Pharmacol. 2001 May;47(5):385-90.). 

It is currently contemplated that a serum concentration of 0.1 to 100 mM of the 
5 compounds capable of enhancing gap-junction communication should be obtained to 
achieve a therapeutic efficacy. More preferably the serum concentration Is 0.5 to 50 
mM, more preferably 0.75 to 10 mM, such as from 1-2 mM. The concentration 
needed to achieve therapeutic efficacy can be determined in vitro. Based on the 
knowledge concerning the pharmacokinetic properties or phenylbutyrat and 

1 0 phenylacetate, suitable dosage regimes can be predicted and verified in clinical trials. 
A dosage ranging from 10-1000 mg/kg/day is considered for administration via 
Infusion. More preferably 50-750 mg/kg/day, more preferably 100-500 mg/kg/day. 
With oral administration 10-100 grams per day for an adult is considered, .more 
preferably 15-50 grams/day, more preferably 20-30 grams/day. These numbers are 

15 based on administration of 4-phenylbutyrate (Carducci, M.A. et al., 2001, A Phase I 
Clinical and Pharmacological Evaluation of Sodium Phenylbutyrate on an 120-h 
Infusion Schedule Clin. Cancer Res.,7:3047-3055). The dosage ranges of valproic 
acid are of approximately the same scale as 4-PB or somewhat lower, in case of 
other gap-junction enhancing compounds, therapeutically effective dosages can be 

20 determined in vitro combined with analysis of the pharmacokinetic properties of the 
compound. 

Several nucleoside analogues have been approved by the FDA as drugs and there is 
ample knowledge concerning the dosages required to obtain therapeutic efficacy for 
25 the approved drugs D4T, ddC, AZT, ACV, 3TC, ddA, fludarablne, Cladribine, araC, 
gemcitabine, Clofarabine, Nelarabine (araG) and Ribarivin. It is considered that the 
dosage can be reduced compared to known therapeutic regimes by the enhancing 
effect of co-administration of a compound capable of enhancing gap-junction 
communication. 

30 

The dose administered must of course be carefully adjusted to the age, weight and 
condition of the Individual being treated, as well as the route -of administration, 
dosage form and regimen, and the result desired, and the exact dosage should of 
course be determined by the practitioner. 

35 

In further embodiments, the deoxyribonucleoside kinase may be administered by 
genetic delivery, using cell lines and vectors as described below under methods of 
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treatment. Vectors can be delivered using liposomes (Yoshlda & Mizuno, J Neuro- 
Oncology, 65:261-267, 2003). 

Suitable expression control sequences include promoters, enhancers, transcription 
5 terminators, start codons, splicing signals for introns, and stop codons, all maintained 
in the correct reading frame of the polynucleotide of the invention so as to permit 
proper translation of mRNA. Expression control sequences may also include 
additional components such as leader sequences and fusion partner sequences. 

10 The present invention may be used for treating or alleviating a cancer of a living 
animal body, including a human, which cancer is responsive to the activity of a 
cytotoxic agent. 

The methods and compositions of the present Invention may in particular be used as 
15 a "suicide gene therapy". Transfer of a suicide gene to a target cell renders the cell 
sensitive to compounds or compositions that are relatively non-toxic to normal cells. 

The deoxyribonucleoslde kinase enzyme may be used directly via e.g., injected, 
implanted or ingested pharmaceutical compositions to treat a pathological process 
20 responsive to the deoxyribonucleoslde kinase enzyme. The naked enzyme may be 
delivered to the cells using liposome delivery, such as for example the BioPorter® 
system described in US 20030008813 and US 20030054007. The liposomes can be 
targeted to cancer cells using ligands for cancer cell surface markers. 

25 Suitable expression vectors may be a viral vector derived from Herpes simplex, 
adenovlra, lentivira, retrovira, or vaccinia vira, or from various bacterially produced 
plasrnids, and may be used for in vivo delivery of nucleotide sequences to a whole 
organism or a target organ, tissue or cell population. Other methods include, but are 
not limited to, liposome transfection. electroporation, transfectfon with carrier 

30 peptides containing nuclear or other localising signals, and gene delivery via slow- 
release systems. 

Other suitable expression vectors Include general purpose mammalian vectors which 
are also obtained from commercial sources (Invltrogen Inc., Clonetech, Promega, BD 
35 Biosecences, etc) and contain selection for Qeneticln/neomycln (G418), hygromycln 
B, puromycm, Zeocin/bleomycln, blasticidln SI, mycophenolic acid or histidinol 
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The vectors Include the following classes of vectors: general eukaryotie expression 
vectors, vectors for stable and transient expression and epitag vectors as well as 
their TOPO derivatives for fast cloning of desired inserts (see list below for available 
vectors). 

5 • Ecdysone-lnducible Expression: 
plND(SP1) Vector 
pIND/VS-Hls Tag Vector Set 
plND(SP1)/V5-His Tag Vector Set 
EcR Cell Lines 
10 MuristeroneA 

• Stable Expression: 
pcDNA3.1/Hygro 
pSecTag A, B & C 
1 5 pcDNA3.1 (-)/MycHiS A, B & C 

pcDNA3.1 +■/- 

pcDNA3.1/2eo (+) and pcDNA3.1/Zeo (-) 

pcDNA3.1/His A, B, & C 

pRc/CMV2 

20 pZeoSV2 {+) and pZeoSV2 (-) 

pRc/RSV 
pTracer™-CMV 
pTracer™-SV40 

25 • Transient Expression: 
pCDMB 
PCDNA1.1 
pcDNA1.1/Amp 



30 Epitag Vectors: 

pcDNA3.1/MycHis A, B & C 
pcDNA3.1/V5-His A. B, & C 

In a preferred embodiment the polynucleotide sequence or the expression vector is 
35 administered in vivo. 
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In a preferred embodiment, the cancer type is multicellular, solid tumor which Is more 
amenable to the enhanced gap-junction communication demonstrated in the present 
Invention. 

5 

HSV-tk has been used for treating the following types of cancer, which are 
particularly amenable to gap-junction enhanced kinase therapy according to the 
present invention. Bladder cancer, Sutton et al 1997, Urology, 49:173-180; 
Neuroblastoma, Bi, X and Zhang, J-Z. Pediadlr. Surg- Int, 19:400-405, 2003; 

10 Glioblastoma, Gerrnano I.M et aL J. Neurooncol., 65:279-289, 2003; Esophageal 
cancer, Matsubara, H. and Ochiai, Nippon Rtnsho. 2000 Sep;58(9): 1935-43.; Tongue 
cancer, Wang, J.H. et al. Chin J. Dent Res. 2000, Dec, 3(4): 44-48; Hepatocellular 
carcinoma. Gerolaml, R. et al. J. Hepatol. 291-297, 2004; Lung cancer, Kurdow t R. et 
al. Ann. Thorac. Surg, 2002 Mar; 73(3):905- 910; Malignant melanoma, Yamamoto, 

15 S. et aL Cancer Gene Therapy, 10:179-186, 2003; Ovarian cancer, Barnes, M.N. and 
Pustlfnlk, T.B. Cun\ Opin. Obstet Gynecol., 1 3:47-51 > 2001; Prostate cancer. Kubo, 
H. et al. Human Gene Therapy.. 14:227-241, 2003; Renal cell carcinoma, Pulkkanen. 
KJ. Cancer Gene Therapy, 9:908-918, 2002. 

20 Preferably, the cancer Is breast cancer and malignant glioma 

Migrating cells that are capable of tracking down glioma cells and that have been 
engineered to deliver a therapeutic molecule represent an ideal solution to the 
problem of glioma cells Invading norma! brain tissue. It has been demonstrated that 

25 the migratory capacity of neural stem cells (NSCs) Is Ideally suited to therapy In 
neurodegenerative disease models that require brain-wide cell replacement and 
gene expression. It was hypothesized that NSCs may specifically home to sites of 
disease within the brain. Studies have also yielded the intriguing observation that 
transplanted NSCs are able to home into a primary tumor mass when Injected at a 

30 distance from the tumor itself; furthermore, NSCs were observed to distribute 
themselves throughout the tumor bed, even migrating in juxtaposition to advancing 
single tumor cells (Dunn & Black, Neurosurgery 2003, 52:1411*1424; Aboody et al, 
PNAS, 2000, 97:12846-12851). These authors showed that NSCs were capable of 
tracking infiltrating glioma cells in the brain tissue peripheral to the tumor mass, and 

35 "piggy back" single tumor ceils to make cell-to-cell-contact. 
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Engineered NSCs expressing an enzyme that can activate a prodrug can be used to 
track and destroy advancing glioma cells. This approach would be substantially 
enhanced If gap Junction communication can be increased and thus the bystander 
killing effect facilitated. We have shown that the short chain aromatic fatty acid 4-PB 
5 can induce such gap junction communication between NSCs and glioma cells In vitro 
(Figure 12). 

Preferably the kind of stem cell used for this type of therapy originates from the same 
tissue as the tumour cell or from the same growth layer, Alternatively, the stem cells 

10 may originate from bone marrow. The stem cells may be isolated from the patient 
(e.g. bone marrow stem cells), be engineered to over-express a deoxyribonucleoside 
kinase and be used in the same patient (autograft). For use in the CNS, where graft- 
host incompatibility does not constitute a significant problem, the cells may originate 
from a donor (allograft). The donor approach is preferred for the CNS as this makes it 

15 possible to produce large quantities of well-characterised stem cells, which can be 
stored and are ready for use. It is also contemplated to use xenografts, i.e. stem celts 
originating from another species, such as other primates or pigs* Cells for 
xenotransplantation may be engineered to reduce the risk of tissue rejection, 

20 To generate such therapeutic cell lines, the polynucleotide coding for a dNK may be 
inserted into an expression vector, e.g. a plasmid, virus or other expression vehicle, 
and operatively linked to expression control sequences by ligation In a way that 
expression of the coding sequence Is achieved under conditions compatible with the 
expression control sequences. 

25 

Encapsulated gene therapy 

Encapsulated gene therapy is also contemplated by Implanting virus-producing cells 
in a capsule with a jacket as described in US 6,027,721 (Cytotherapeutics) In close 
30 proximity to the cancer cells. The viruses are preferably retroviruses as retroviruses 
transduce only dividing cells and therefore specifically target cancer cells- These 
capsules allow for the efficient adjustment or termination of gene therapy regimes. 
Specifically, the jackets of the capsules of this invention comprise membranes that 
permit passage of viral particles, thereby permitting infection of target host tissue, 

35 

The capsules can be manufactured using the methods and materials disclosed in 
WO 92/19195. Briefly, the capsule is comprised of (a) a core containing isolated 
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packaging cells, either suspended in a liquid medium or immobilized within a 
biocompatible matrix, and (b) a biocompatible surrounding or peripheral region 
("jacket") of a material that permits passage of the viral particles. The capsule can be 
any configuration appropriate for maintaining biological activity of the packaging cells 
5 and providing access for delivery of the viral particles, Including, for example, 
cylindrical, rectangular, disk-shaped, patch-shaped, ovoid, stellate, or spherical. 
Moreover, the capsule can be coiled or wrapped Into a mesh-like or nested structure. 
Certain shapes, such as rectangles, patches, disks, cylinders and flat sheets offer 
greater structural integrity and are preferable where retrieval Is desired. 

10 

Although microcapsular devices are contemplated (see, e.g., U.S. Pat. No. 
4,353,888, Incorporated herein by reference), we prefer that the device be of a 
sufficient size and durability for complete retrieval after implantation. Such 
macrocapsulas have a core of a preferable minimum volume of about 1 to 10 pL and 
15 depending upon use are easily fabricated to have a volume in excess of 100 §jL. In a 
hollow-fiber configuration, the fiber will have an inside diameter of less than 1500 
microns, preferably about 300-600 microns. 

For ease of retrieval, the capsules preferably have one or more tethers to allow 
20 location and grasping of the device without damage to it. Additionally, the tether can 
be used to find the implanted macrocapsule when it is desirous to terminate therapy, 
by inclusion of suitable identification means. 

Another type of encapsulated gene therapy is described in WO 97/01357 (Bavarian 
25 Nordic Research Institute). Briefly, such encapsulated cells producing viral particles 
allow the release of the viral particles produced by the cells from the capsules, and at 
the same time do not elicit a significant host immune or inflammatory response after 
implantation in a host. 

30 The encapsulated cells can be prepared by suspending the cells producing viral 
particles In an aqueous solution of a polyelectrolyle (e.g. selected from sulphate 
group-containing polysaccharides or polysaccharide derivatives or of sulphonate 
group containing synthetic polymers), whereafter the suspension in the form of 
preformed particles Is introduced into a precipitation bath containing an aqueous 

35 solution of a counter-charged polyelectrolyte (such as for example a polymer with 
quaternary ammonium groups). 



From:NSGENE A/S +45 4460 8989 25/02/2004 17:14 *032 P. 029/067 

520-00 O-DK 

27 

Such capsules are prepared as described in WO 97/01357. The capsules have a 
variable diameter between 0.01 and 5 mm, but are preferably between 0.1 and 1 
mm. Consequently, capsules can be made to contain a variable number of cells. 
Using the encapsulation process according to the Invention, up to 10 t0 , but preferably 
5 10 6 -10 7 cells producing viral particles can be encapsulated in the polyelectrolyte 
complex. The pore size of the capsules Is between 80 and 150 nm, preferably 
between 100 and 120 nm. 

After a suitable period in culture (normally not less than 1 hour and not exceeding 30 
10 days), the eel! containing capsules can be surgically implanted either directly, or by 
injection using a syringe into various areas of the body. 

Packaging cells may also be Immobilised on a support and implanted close to the 
tumour using the technology described In US 6.565,845. Briefly, the virus particle 

15 producer cells may first be attached In vitro on a support matrix. Materials of which 
the support matrix can be comprised include those materials to which cells adhere 
following In vitro incubation, and on which cells can grow, and which can be 
implanted into a mammal without producing a toxic reaction, or an inflammatory 
reaction which would destroy the implanted cells or otherwise Interfere with their 

20 biological or therapeutic activity. Such materials may be synthetic or natural chemical 
substances or substances having a biological origin. The matrix materials include, 
but are not limited to, glass and other silicon oxides, polystyrene, polypropylene, 
polyethylene, polyvinylidene fluoride, polyurethane, polyalginate, polysulphone, 
polyvinyl alcohol, acrylonitrile polymers, polyacrylamide, polycarbonate, polypentent, 

25 nylon, amyloses, gelatin, collagen, natural and modified polysaccharides, Including 
dextrans and celluloses (e.g. nitrocellulose), agar, and magnetite. Either resorbable 
or non-resorbable materials may be used. Also intended are extracellular matrix 
materials, which are well-known in the art. Extracellular matrix materials may be 
obtained commercially or prepared by growing cells which secrete such a matrix, 

30 removing the secreting cells, and allowing the cells which are to be transplanted to 
Interact with and adhere to the matrix. 

To improve cell adhesion, survival and function, the solid matrix may optionally be 
coated on Its external surface with factors known in the art to promote cell adhesion, 
35 growth or survival. Such factors include cell adhesion molecules, extracellular matrix, 
such as, for example, fibronectln, laminin, collagen, elastin, glycosaminoglycans, or 
proteoglycans or growth factors, such as, for example, neive growth factor (NGF). 
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A preferred form of support matrix Is a glass bead. Another preferred bead is a 
polystyrene bead. Bead sizes may range from about 10 to 1 cm in diameter, 
preferably from about 90 to about 150 For a description of various rnicrocarrier 
5 beads, see, for example, Fisher Biotech Source 87-88, Fisher Scientific Co., 1987, 
pp. 72-75; Sigma Cell Culture Catalog, Sigma Chemical Co», St Louis, 1991, pp. 
162-163; Ventrex Product Catalog, Ventrex Laboratories, 1989. The upper limit on 
the bead size is dictated by the bead's stimulation of undesired host reactions such 
as gliosis, which may interfere with the function of the transplanted cells or uauso 
1 0 damage to the surrounding tissue. 

Prodrugs/nucleoside analogs 

The present invention is directed to pharmaceutical compositions and uses of such 
15 compositions comprising nucleoside analogs and related compounds, including their 
prodrugs. 

On a functional level, a nucleoside analogue is a compound with a molecular weight 
less than 1000 Daltons, which is substantially non-toxic to human cells, which can ba 
20 phosphorylated by a deoxyribonucleosida kinase to mono, di f and trl phosphate, the 
triphosphate of which Is toxic to dividing human cells. 

The composition according to the invention may comprise at least two or more 
different nucleoside analogues, such as at least 3 nucleoside analogues, for example 
25 at least 4 nucleoside analogues, such as at least 5 nucleoside analogues. 

Numerous nucleoside analogs exist that can be oonverted into a toxic product 
including a large group described in US 20040002596. 

30 In a preferred embodiment the nucleoside analogue include a compound selected 
from the group consisting of aciclovir (9-[2-hydroxy-ethoxy]-methyl-guanosine), 
buclclovfr, famciclovir, ganciclovir (9-I2-hydroxy-1-(hydroxymethyl)ethoxyl-methyl]' 
guanosine), penciclovir, vaiciclovir, trifluorothymidlne, AZT (^-azido-a -thymidine), 
AIU (ff-iodo-S'-amino-^^'-dideoxyuridine), ara-A (adenoslne-arabinoside; 

35 Vivarablne), ara-C (cytidine-arabinoside), ara-G (9-beta-D-arabinofuranosyiguanine), 
ara-T, 1 -beta-D~arabinof uranosyl thymine, 5-ethyl-2'-deoxyuridine, 5-iodo-5'-amino- 
^S'-dideoxyuridlne, 1 -[2<!eoxy-2-fluoro-beta«D-arabino f uranosyl]-5-iodouracil, 
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Idoxuridine (5-iodo-2'deoxyuridlne), fludarabine (2-Fluoroadenine 9-beta-D- 
Arablnofuranoside), gencltabine, 3'*deoxyadenosine (3-dA), 2',3'-dfdeoxyinosine 
(ddl), 2%3*-dldeoxycytidlne (ddC), 2\3*-dldeoxythymidlne (ddT), 2\3*- 
dideoxyadenosine (ddA), 2\3'-dldeoxyguanosine (ddG), 2-chtoro-2'-deoxyadenosine 
5 (2CdA), 5-fluorodeoxyurtdlne, BVaraU ((E)-5-(2-bromovlnyl)-1-beta-D- 
erablnofuranosyluracil). BVDU (S-bromovinyl-deoxyuridina), FIAU (1-(2-deoxy-2- 
fluoro-b8ta.D-arabinofuranosyl)-5-Jcxlouracil), 3TC (2 , -deoxy-3 , -th1aoytIdine) 1 dFdC 
gemcltabine (2\2--dffluorod80xycytidine). dFdG (2\2^ffluorodeoxyguanoslne), 6- 
fluorodeoxyuridine (FdUrd), d4T (2%3*dldehyd«>3*-deoxythyiT>ld1ne), ara-M (O- 

10 mathoxy purinearabinonucteoslde), ludR (5-Jodo-2-deoxyuridine), CaFdA (2-chloro- 
2-ara.fluoro-deoxyadanoaino), ara-U (1-beta-D-arablnofuranosyluracil), FBVAU (E)- 
5-(2-bromovlnyl)-1-(2-deoxy-2-fluoro-beta-D-arabinofuranosyl)uradl, FMAU 1-<2- 
deox2y-2-fluoro-beta-D-arabinoftjranosyl)-5-mBthyluraGi[, FLT 3'-fluoro-2'- 
deoxythymidine, 5-Br-dUrd 5-bromodeoxyuridine, 5-OdUrd 5-chlorodeoxyuridine, 

15 dFdU 2\2'-dffluorodeoxyuridine, (-)Carbovlr (C-D4G). 2.6-Dlamino-ddP (ddDAPR; 
DAPDDR; 2,e-Diamino-2',3 , Kiideoxypurine-9-ribofuranoslde) f 9-(2'-Azldo-2'.3'- 
dideoxy-p-D-e»ythropentofuranosyt)adenrne (2'-Azido-2',3'-dideoxyadenosIne; 2'- 
N3ddA), 2*FddT (2 , -Fluoro-2\3'<lldeoxy-p-D-erythK>-pentofuranosy0thyiriine), 2'- 
N3ddA(B-D-threo) ( 9-(2'-Azido2' f 3'-dideoxy-p-D.threopentofuranosyl)adenlne), 3-(3- 

20 Oxo-1-propenyl)AZT (3-(3-Oxo-1-propenyl)-3'-azIdo-3'-deoxythymidine), 3'-Az-S-Cl- 
ddC (3'-Azido-2' 1 3'-didaoxy-5-chlorocytidine), 3'-N3-3'-dT (S'-Azido-S'-deoxy-B- 
azathymidine), 3'-F-4-Thio-ddT (2 , .3 , -Dideoxy-3'-fluoPo4-thiothymldlne), 3'-F-5-CI- 
ddC (^.S'-Dideoxy-S'-fluoro-S-chlorocytldine), 3'-FddA (B-D-Erythro) (9-(3'-Fluoro- 
2',3'-dideoxy-B-D-erythropentafuranosyl)adenine), Uravldina (S'-AzIdo^.S'- 

25 dideoxyuridine; AzdU). 3'-FddC (S'-Fluoro-^'-dideoxycyHdlne), 3'-F-ddDAPR (2,6- 
Diamfnopurine-S'-fluo^'.S'-dideoxyriboside), 3'-FddG (3'-Fluoro-2\3'- 
dideoxyguanosine), 3'-FddU (^Fluoro-^S'-dideoxyurfdine), 3'-Hydroxymethyl-ddC 
(2\3'-Dideoxy-3'-hydroxymethyl cytidine; BEA-005), 3'-N3-5-CF3-ddU (y-Azido-Z.y- 
dideoxy-5-trifluoromathyluridino), 3'-N3-5-Cyanomethyloxy-ddU (S'-Azido-Z,?- 

30 dldeoxy-5-Kcyanomethyl)oxy]uridine), S'-NS-S-F-ddC (3Vddo-2\3'-dkieoxy-5- 
fluorocytidine), 3'-N3-5-Me-ddC (CS-92; S'-Azido^'.ff-dideoxy-S-methylcytldin©), 3'- 
N3-5-NH2-ddU (S'-Azido-^^'-dideoxy-S-aminouridlne), 3'-N3-5-NHMo-ddU (S'-Azido- 
Z.^-dideoxy-S-methyaminouridine), 3'-N3-5-NMe2-ddU (S'-Azido-Z.S'-dldeoxy-S- 
dimethylaminouridine). 3'-N3-5-OH-ddU (3'-Azido-2' P 3'-dideoxy-5-hydroxyurldJne), 3'- 

35 N3-5-SCN-ddU O'-Azld^'.S'-dideoxy-S-thiooyanatouridfne), 3'-N3-ddA (9~(3'-Azido- 
■ y.S'-didsoxy-B-D-erythropentafuranosyOadenine), 3'-N3-ddC (CS-91; S'-Azido-Z.S'- 
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dideoxycytldlna), 3*-N3ddG (AZG; 3V\2jdo-2\3'-dldeoxyguanoslne), 3--N3-N4-5- 
diMe-ddC (S'-AzWo-^.a'-dldeoxy-N^S-dimethylcytidlne), 3'-N3-N4-OH-5-Me-ddC 
(S'-Azido-a'^'-dideoxy-N^OH-S-methylcytldlne), 4'-Az-3 , -dT (4'-Azido-3'- 
daoxythymidine), 4'-Az-5CldU (4 , -A2ido-5-chloro-2'-deoxyuridino), 4'-AzdA (4'-Azido- 

5 2 , -daoxyadenosine), 4'-AzdC (4'-Azido-2'-deoxycytldine), 4'-AzdG (4'-Az]do-2*- 
deoxyguanosine), 4'-Azdl (^-Azldo^'-deoxyiriosirie), 4'-AzdU (4'-Azldo-2'- 
deoxyuridlne), ^-Azidothymidine (4'-Azido-2 , KJeoxy-.beta.-D-erythno-pentofuranosyl- 
5-methyl-2.4-dioxopyrimldine>, 4'-CN-T (^-Cyanothymidlna), 5-Et-ddC (2\3'-Dideoxy- 
5-othyIcytcdino), 5-F-ddC <5-Fluoro-^3'-dldeoxycytidine). GCl-ddP (D2C1P; 6-Chloro- 

10 ddP; CPDDR; 6-CWoro-9-(2,3-dldeoxy-.beta.-D-glyceropentofuranosyl)-9H-purine), 
935U83 (2',3'-Dideoxy-3'-fluoro-5-chlorouridine; S-Chloro-^.S'-dideoxy-S'- 
fluorourldine; FddCIU; Raluridine), AZddBrU (3'-N3-5-Br-ddU; ff-Azido-^.y-dideoxy- 
5-bromouridine), AzddCIU; AzddCIUrd (S'-Azido-S-chloro-Z.S'-didaoxyurfdine), 
AZddEtU (3'-N3-5-EtddU; CS-85; 3'-Azldo-2',3 , -dideoxy-&^thylurldlne), AZddFU (3'- 

15 Azfdo-^S'-dldeoxy-S-fluorouridlne), AZddlU (3'-N3-5-l-ddU; S'-AzidoW-dldeoxy-S- 
iodouridlne), AZT^.S'-anhydro (2,5'-Anhydro-3 , -azido-3'-deoxythymidine). AZT-a-L 
(a-L-AZT), AZU-2,5'-anhydro (2.5 , -Anhydro-3 , -az!do-2 , .3*-dldeoxyurldlne) I C-analog 
of 3-N3-ddU (3'-Azido-2' ,3'-dideoxy-5-aza-6-deazaurid ine), D2SMaP (9-(2,3- 
Dideoxy-p-D-ribofuranosyl)-6-(methylthio)purIne), IMA (2',3- 

20 Dideoxydidehydroadenosine), D4C (^.ff-Dldehydro-S'-deoxycytidine), D4DAP (2,6- 
Dlaminopurtne-^S'-dldeoxydidehydroribosIda; ddeDAPR), D4FC (D-D4FC; 2',3'- 
Didehydio-^.a'-dldeoxy-S-fluorocyfidine), D4G (^^'-Dldehydro-^.S'- 

dideoxyguanosine), DMAPDDR (N-6-dimethyI ddA; 6-Dlmethy!arnlnopurlne-2\3'- 
dideoxyriboaide), dOTC (-) ((-)-2M3eoxy-3'^xa^MhlocyHdlne), dOTC (+) «+)-2'- 

25 Deoxy-3'-oxa-4'-thiocytidine), dOTFC (-) ((-^'-Daoxy-S'-oxa-i'-thio-S-fluorocyBdln©), 
dOTFC {+) ((+)-2 , -Deoxy-3'-oxa-4 , -thio-5-fluorocytidine), DXG ((-)-B-Dioxolane-G), 
DXC-<x-L-(a-L-Dit>xalane-C), FddBrU (2',3'-Dideoxy-3'-fluoro-5-bromourtdine), FddlU 
(S'-Fluoro-^.S'-dldeoxy-S-iodouridlne), FddT (Alovudine; 3'-FddT; FddThD; 3'-FLTr 
FLT). FTC (Emtricltabine; Covlracil; (-)-FTC; O-^.S'-Dfdeoxy-S-fluoro-S'-thiacyfidine), 

30 FTC-a-L- (a-L-FTC), L-D4A (L-y.S'-Didehyd^'.S'-dideoxyadenoslne), L-D4FC (L- 
Z.S'-Didehyd^'.S'-dideoxy-S-fluorocytidine). L-D4I (L-Z.y-Dldehydro-^S'- 
dideoxyinosine), L-D4G (L-^'-Didehydro-^S'-deoxyguanosine), L-FddC (S-L-5F- 
ddC), LodenosFne (F-ddA; 2'-FddA (B-D-threo); 2'-F-dd-ara-A; 9-{2'~F\uoTo-'2',Z , - 
dIdeoxy-B-D-threopentafuranosyl)adenine), MeAZddlsoC (S-Methyl-y-azidoW- 

35 dideoxylsocytldine), N6-Et-ddA (N-Ethyl-2\3^ildeoxyadenoslne). N-6-metfiyl ddA 
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(N6-Methyl-2\3'--dldeoxyadenosine) or RO31-6840 (1-(2\3VDideoxy-2'-fluorcH3-D- 
threo-pentofuranosyl)cyto8ine). 

Preferred examples of cyfidine, guanosine and adenosine analogs include dFdC 
5 gemcltabine (2\2*-dtfluorodeoxycytidine), 2-chloro-2'-deoxyadenosine (2CdA), 
CaFdA (2-chloro-2-ara-fluoro-deoxyadenosine), fiudarabine (2-Fluoroadenlne 9-beta- 
D-Arabinofuranoside), 2\3'-dideoxycytidine (ddC), 2',3 % -dideoxyadenoslne (ddA), 
2\3*-dldeoxyguanosine (ddG), ara-A (adenosine-arabinoside; Vrvarabine), ara-C 
(cytidlne-arablnoside). ara-G (9-betHrD-arabinofuranosylguanlne), adclovlr (9-[2- 

10 hydroxy-ethoxy]-methyl-guanosine), buclclovir, famciclovir, ganciclovir (9-[2-hydroxy- 
l-ChydroxymethylJethoxyl-methyll-guanosine), pencictovir. valcidovir, 3TC (2*-deoxy- 
3'-thiacytidlne), dFdG (2\2'-dlfluorodeoxyguanosine), 2,6-Diamino-ddP (ddDAPR; 
DAPDDR; 2,6-Diamino-2 , .3 , -dideoxypurlne-9-ribofuranoside), 9-(2'-Azido-2',3'- 
dideoxy-p-D-erythropentofuranosyl)adenine (2'-Azido-2',3'-didBoxyadenosine; 2'- 

15 N3ddA), 2'-N3ddA(p-D-threo) { Q-^Wkzido-^S'-dldeoxy-p-D- 

threopentofuranosyl)adenine) r 3'-Az-5-CI-ddC (3'-A2ido-2'.3'-dideoxy-5- 
chlorocytldine), 3'-F-5-CI-ddC (y.ff-Dideoxy-ff-fluoro-S-chlorocytidine), 3'-FddA (B-D- 
Erythro) (g-ta'-Fluoro-Z^'-dideDxy-B-D-erythropentafuranosylJadenine), 3'-FddC <3- 
Fluoro-^.y-dideoxycytidine), 3'-F-ddDAPR (2 < 6-Dtamlnopurine-3 , -fluo^o-2 , ,3 , - 

20 dideoxyriboside), 3'-FddG (S-Fiuoro-Z.S'-dldeoxyguanosine), S'-Hydroxymethyl-ddC 
{Z.y-Dideoxy-S'-hydroxymethyl cytldlne; BEA-005), 3'-N3-5-F-ddC (3-Azido-2',3'- 
dideoxy-5-fluorocytidine), 3'-N3.5-Me-ddC (CS-92; S'-Azido-Z.S'-dldeoxy-S- 
methylcytidlne), 3'-N3-ddA (g-^'-Azido-Z.S'-dldeoxy-B-D- 

erythropentafuranosyDadenine), 3'-N3-ddC (CS-91; 3^Azido-2\3*^ideoxycytldlne). 

25 3"-N3ddG (AZG; a'-Azido-Z.S'-dideoxyguanosine), 3MM3-N4-5-dlMe-ddC (3-Azldo- 
2 , ,3 , Haldeoxy-N4-5-dimethylcytidine). 3'-N3-N4-OH-5-Me-ddC (3'-A2ldo-2 , ,3 , -dldeoxy- 
N4-OH-5-methyIcyttdina), 4'-AzdA (4 , -Azido-2'-deoxyadenosine), 4'-AzdC (4'-Azido- 
2 , -deoxycytldine), 4'-A2dG <4'-Azido-2'-deoxyguanoslne), 5-Et-ddC (2\3'-Dideoxy-6- 
ethylcytidine). 5-F-ddC (S-Fluoro-Z.S'-dideoxycytidine). 6CI-ddP (D2CIP; 6-Chlon> 

30 ddP; CPDDR; 6-Chloro-9^2,3<lideoxy-.beta.-D-glyceropentofuranosyl)-9H-purine), 
D2SMeP (9-(2,3-Dideoxy-p-D-ribofuranosyl)-6-(methylthto)purine), D4A (2\3'- 
Dldeoxydidehydroadenosine). D4C (2\3M3ldehydro-3'-deoxycytidine), D4DAP (2,6- 
Diaminopurine-2 , ,3 , -dideoxydidehydroriboside; ddeDAPR), D4FC (D-D4FC; 2',3'- 
Didehydro-2\3'<Hdeoxy-5-fluorocytidlne), D4G (Z^'-Didehydro-^.S'- 

35 dideoxyguanoslne), DMAPDDR (N-6-dlmethyl ddA; e-Dimethylaminopurine-Z.S'- 
dideoxyribosfde), dOTC (-) ((-)-2'-Deoxy-3'-oxa^Mhlocytldine), dOTC (+) ((+)-2'- 
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Deoxy-3'-oxa-4-thiocytldln0), dOTFC (-) ((-)-2'-Deoxy-3'-oxa-4'-thiQ-5-fluorocytidine), 
dOTFC (+) {(+)-2'-Deoxy-3'-oxa-4'-thio-5-fluorotytldine), DXG ((-)-|3-Dioxolane-G). 
DXC-ofr.L-(a-L-DIoxa!ane-C), FTC (Emtricitabine; Coviracil: (-)-FTC: (-)-2\3'-Dideoxy- 
5-fluon>3'-thiacytldine), FTC-a-L- (a-L-FTC), L-D4A (L-^.S'-Didehydro-^.S'- 
5 dideoxyadenoslne). L-D4FC (L-a'.S'-Dtdehydro-Z.y-dideoxy-S-fluorocytidine), L-D4I 
(L-^'-Didehydra-^S'-dideoxyinosine), L-D4G (L-^.S'-Didehydro-Z.S'- 
deoxyguanosine), L-FddC (p-L-5F-ddC), Lodenosine (F-ddA; 2'-FddA (B-D-threo); 2'- 
F-dd-ara-A; ^(^-Fluoro-a'.S'-dideoxy-B-D-threopentafuranosyOadenine), 
MeAZddlsoC (S-Methyf-S'-azido-^.S'-dfdeoxylsocytidine), N6-Et-ddA (N-Ethyl-2',3'- 
10 dideoxyadenoslne), N-6-methyl ddA {Ne-MethyW'.S'-dldeoxyadenosine) or RQ31- 
6840 (1-(2 , ,3'-Dideoxy-2'-fluoro-p-D-threo-pentofuranosyl)cytos!ne). 

Even more preferred ae D4T, ddC, AZT, ACV, 3TC, ddA Fludarabine, Cladribine, 
araC, gemcitabine, Clofarabine, Nelarablne (araG), and Ribavirin. These drugs have 
1 5 already been approved by the FDA for cancer treatment. 

Even mora preferred are gemcitabine and AZT. 

Examples 

20 

Example 1: 4-nhenvlbutvrate modulates GPAP and Connexin 43 expression and 
enhances gap junction comm unication in human olioblastoma ceils. 

Materials and Methods: 

25 Tissue source, processing, and primary culture 

Tumour tissue specimens were obtained from patents during open surgical resection 
of glioblastoma multiforme (GBM, WHO grade IV) according to per-operative 
diagnosis on cryostat sections. Recovery of tissue was done with the permission of 
the Ethics Committee of Karolinska Institute and with the consent of the patient. 

30 The three GBM cultures, hGBM-1, hGBM-5 and hGBM-14, used in this study, were 
isolated and characterized as previously described (8). Glioblastoma calls were 
cultured in DMEM/F12 culture medium supplemented with 10% FCS (Gibco), 
penicillin/ streptomycin (100 U/ml, Gibco). 



35 Assessment of celt viability and cell proliferation by MTT assay 
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Proliferation of cultured glioma cells was assessed by 3-{4,6-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT, Sigma) assay, WITT tetrazolium salt was 
dissolved in serum-free culture medium (0.5 mg/ml), added to the cells (150 pl/well) 
and incubated for 30 min at 37 q C* Formazan dye, formed by viable cells, was 
5 aolubilized in 300 pi of isopropanol. Aliquots (1 00 of the solutions were transferred 
to 96-weII microplates. The absorbance at 570 nm (with reference at 650 nm) was 
measured using a microliter plate spectrophotometer (Anthos HT III). The results 
were expressed as percentage of viable cells compared to the control sample of 
untreated cells (100%). 

10 

Immu no cytochemistry 

Tumour cells cultured on laminin/poly-ornithine coated glass chamber slides were 
washed In phosphate buffered saline (PBS) and fixed in 4% paraformaldehyde in 
phosphate buffer for 10 minutes. Cells were washed In PBS three times and 

15 incubated with primary antibodies diluted in buffer (0.3% TX-100 (Sigma), albumin 
fraction V (Sigma), phosphate buffer pH 7.0) over night at 4 a C. Secondary antibodies 
conjugated with FITC or Cy3 (Jackson Immunoresearch Laboratories) were applied 
for one hour at room temperature, followed by rinsing with PBS. Antibodies bound 
were visualized with epifluorescence microscopy using a Leica DMRB microscope, 

20 and photographs were taken using a Nikon F50 camera. 

The following antibodies were used at specified dilutions: monoclonal antt GFAP, 
1:500 (DAKO), monoclonal anti Cx43 (1:1000, Transduction Laboratories), and FITC 
(1:80)-conjugated secondary antibodies (Jackson Immunoresearch Laboratories). 

25 Western blot analysis 

Primary glioblastoma cells were grown to 75% confluency and cultured for 48 hours 
in the presence or absence of 4-PB (2, 5 and 10 mM) and processed as previously 
described (8). Briefly, cell extracts, containing equal amount of protein (30 |jg/lane for 
Cx43 detection and 60 \xgi\ane for GFAP detection) were loaded on 10% 

30 polyacrylamlde gels, separated by SDS-PAGE, and electro-transferred onto 
nitrocellulose membranes. A rabbit polyclonal antibody to Cx43 diluted 1:8000 
(Sigma) or a mouse monoclonal antibody to GFAP diluted 1:1 000 (Pharmingen) were 
applied overnight at 4° C. The detection step was performed with the enhanced 
chemiluminescence (ECL) detection kit (Amersham). The membranes were exposed 

35 to Hyperfilm-ECL (Amersham) for 1-5 min. For quantification, films were scanned and 
analysed with Image Gauge (vereion 3.12, Fuji Photo Film Corp.). Data analysis was 



From:NSGENE A/S 

S20-000-DK 



+45 4460 8989 25/02/2004 17:15 #032 P. 036/067 

34 



performed U9ing the program Sigma Plot for Windows (verelon 6, Jandel Corp.). All 
results are expressed as means ± SE for the indicated number of experiments. 

As an internal control for equal amount of protein loaded on the gel, the nitrocellulose 
5 membranes were stained with Ponceau S solution (0-2% Ponceau S, 3% 
trichloroacetic acid, and 3% sulfosalicylic acid) for 5 min. As the bands of protein 
became visible, the membranes were washed several times and total amount of 
loaded protein was quantified using computerized densitometric analysis. 

1 0 Fluorescent dye transfer 

Primary glioblastoma cells were cultured on 35 mm petrl dishes and in vitro labelled 
with 5 \iM calceln-AM {acetomethylic ester) and 10 jiM Dll (Molecular Probes) diluted 
In supplemented serum free medium DMEM/F12 and incubated for 30 min at 37°C* 
The cells were washed once with the same medium, trypsinlzed and suspended in 

15 the culture medium Including 10% FBS. The cells were pelleted by centrifugatlon at 
1600 rpm for 1 minute and resuspended In fresh culture medium. The procedure was 
repeated twice. Following the second resuspension, the labelled cells were plated on 
top of untabelled cells of the same origin. These cells were either pretreated with 4- 
PB at a concentration of 5 mM, or non-treated for serving as a control. The labeled 

20 cells were then allowed to settle for 1 hour, followed by analyses using 
epifluorescence detection microscopy every 30 minutes for up to 6 hours. G JC were 
studied using an Olympus BX50WI microscope equipped with UV epifluorescence 
and red and green attenuating filters. 

25 RESULTS: 

Antiproliferative effects of 4-phenyIbutyrate on glioma cells 
The three cell cultures, hGBM-1 , hGBM-5 and hGBM-14, were treated with 4-PB at 
various concentrations and analyzed at different time points using the MTT-test and 
phase contrast microscopy. Fig. 1 A shows the effect on ceil proliferation in cultures 

30 treated at 2 - 20 mM. The hGBM-1 culture shows significant sensitivity to 4-PB 
already at 5 mM, while hGBM-5 and hGBM-14 are significantly affected at 10 mM 4- 
PB, In addition, prolonged treatments with a lower concentration (2 mM) were 
performed. Fig. 1B-D show phase contrast micrographs of hGBM-1 ceils before 
treatment, at 1 day and 10 days of treatment, respectively. Anti-prollferatlve effects 

35 were seen already after 24 hours. In addition to 4-PB, other compounds were tested 
for their antiproliferative effects on these cell cultures, Splitomicln, Trichostatln A, 
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valproic acid and sodium butyrate were all shown to be lass potent, as analysed by 
MTT assay (Fig. 2). 

Characterization of cultured tumour cells 

5 Tumour tissue specimens from patients undergoing surgical resection of a GBM were 
used to establish long-term primary cultures. The gross morphology of tumour ceils 
varied between cultures but was quite consistent within each culture. The majority of 
cells were bipolar with short processes and identified as tumour cells of glial origin by 
their consistent expression of GFAP (Fig. 3 A-C). Immunostainlngs for GFAP were 

10 done repeatedly over time In culture to verify maintenance of the glial phenotype of 
tumour cells. Selected cultures; hGBM-1, hGBM-5 and hGBM-14, remained stable 
with respect to morphology and expression of glial markers including GFAP. 
vlmentin, and S-100 overtime in culture. 

1 5 Effect of 4-phenylbutyrate on tumour cell morphology and GFAP levels. 

Semi-confluent glioblastoma cell cultures were incubated with 2 mM or 5 mM 4-PB in 
complete culture medium. Within the first 48 hours of treatment, the cell3 gradually 
changed thefr morphology to become more elongated with multiple fine cytoplasmic 
extensions (insets Fig. 3). This morphological transition was faster and more 

20 extensive In cultures exposed to 5 mM compared to 2 mM of 4-PB (data not shown). 
When analyzed for GFAP expression by immunocytochemistry, cells of all three 
cultures, hGBM-1, hGBM-5 and hGBM-14, showed a more intense immunostaining 
by epifluorescence detection after treatment with 4-PB. Moreover, cells of all three 
cultures showed a different subcellular distribution of GFAP immunoreacfivily in the 

25 presence of 4-PB. In addition to the normal cytoplasmic pattern, GFAP was also 
associated with the nucleus and/or the nuclear membrane (Fig. 3 D-F). The ratio of 
nuclear versus cytoplasmic GFAP immunoreactivity varied between treated cultures. 
Western blot analysis of GFAP revealed two distinct bands with slightly different 
apparent molecular weight (Fig. 4). These bands were interpreted to represent 

30 phosphorylated and non-phosphorylated Isoforms of GFAP. 4-PB treatment 
specifically upreguiated the non-phosphorylated isoform of GFAP in two out of the 
three human glioblastoma cell cultures, hGBM-5 and hGBM-14 (Fig. 4.), while the 
level of the phosphorylated isoform remained stable. 

35 4-phenylbutyrate Increases protein levels of connexln 43 and Induces Its 
subcellular redistribution. 
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The gap junction protein Cx43 was detected in all three primary cultures by 
Immunocytochemistry and by Western blot analysis using a commercially available 
polyclonal anti-connexin 43 antibody, Immunocytochemlstry demonstrated the 
presence of Cx43 In the plasma membrane as patchy cell surface fluorescence with 
5 a finely granular appearance (Fig. 5). Following treatment with 5 mM 4~PB for 48 
hours, ceils showed a marked increase of Cx43 immunoreactivity at the cell surface. 
The density of Cx43 immunoreactivity varied between cells, but there was now a 
distinct lateralization of Cx43 immunreactivity with preference to areas of intercellular 
contacts and cellular processes (Fig. 5). 

10 

Western blot analysis of whoie-ceil extracts detected three immunoreactive isoforms 
of Cx43. These isoforms differed slightly by apparent molecular weight and migrated 
as a smaller non-phosphorylated isoform, and bigger phosphorylated Cx43 isoforms 
(Fig. 6). Following treatment with 4-PB (2-10 mM), both non-phosphorylated and 
15 phosphorylated isoforms of Cx43 increased quantitatively (Fig. 6). 

4-phenylbutyrate enhances gap junction communication. 

In order to study QJC in the glioma cultures, the cells were labelled with two 
fluorescent dyes, Dil and Calcein. Cells were trypsinized, washed and co-plated with 

20 unlabeiled cells of the same origin cultured and adherent to a petri dish. Within one 
hour, preloaded cells had settled and attached to the subconfluent monolayer of 
unlabeiled cells. Since calcein is a water-soluble aceto-methylic ester which appear 
green after intracellular esterase cleavage, green fluoresoence in Dll-negative cells 
must originate from pre-loaded donor ceils indicative of functional contacts between 

25 labeled and unlabeled tumour cells. This dye transfer was mediated by gap junctions 
located on very thin and slender processes projecting from dye loaded donor cells 
(Fig 7A and 7B). When recipient cells were cultured in the presence of S mM 4-PB for 
48 hours prior to dye transfer, the Intercellular spread of calcein was markedly 
improved compared to untreated cells (Fig. 7). 

30 

Example 2: Enhancement of gap junction-mediated Intercellular 
communication and bystander effect by 4-PB. 

MATERIALS AND METHODS 
35 Tissue processing and culture maintenace 

GBM primary cultures were established from surgical tumour biopsies and 
characterized by immunocytochemistry and Western blot anaiyslsas previously 
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described (Asklund et al (2003) Exp. Cell Res., 284: 183-193.). Glioblastoma cells 
were cultured in DMEM/F12 culture medium supplemented with 10% FCS (Gibco), 
penicillin/ streptomycin (100 U/mi f Gibco). 

5 Gap Junction mediated cell death 

Glioma cells with stable expression of green fluorescent protein (EGFP) god the 
herpes simplex virus thymidine kinase expressing gene HSV-TK In sense (S6) or in 
antisense (A1) were mixed with cells stably expressing the red fluorescent protein 
(RFP) (iwlio 3:7 S6:RFP or A1:RFP). Ganciclovir, 4-pnenylbutyrate and AGA were 
10 added 3 hrs after seeding the cells, except for AGA, which was added directly at 
seeding of cells, After 48 hours, cells were split and after 96, 120 and 168 hrs one 
each of the cell culture quadruplicates was used for MTT-test while one sample was 
employed for FACS analysis. After 144h cells from the third of the quadruplicate were 
split again and the last quadruplicate sample was analyzed the following day (168h). 

15 

Assessment of cell viability and cell proliferation by MTT assay 

Proliferation of cultured glioma cells was assessed by 3-(4.5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT, Sigma) assay, MTT tetrazollum salt was 
dissolved in serum-free culture medium (0.5 mg/ml), added to the cells (150 pl/well) 

20 and incubated for 30 min at 37*C. Formazan dye, formed by viable cells, was 
solubilized in 300 pi of isoprapanol. Aliquots (100 pi) of the solutions were transferred 
to 96-well microplates. The absorfaance at 570 nm (with reference at 650 nm) was 
measured using a microtiter plate spectrophotometer (Anthos HT III). The results 
were expressed as percentage of viable cells compared to the control sample of 

25 untreated cells (100%). 

Fluorescent dye transfer between glioma cells 

Glioblastoma cells were cultured on 35 mm petri dishes and in vitro labelled with 5 
liM calcein-AM (acetomethylic ester) and 10 jiM Dll (Molecular Probes) diluted in 

30 supplemented serum free medium DMEM/F12 and incubated for 30 min at 37°C, The 
cells were washed once with the same medium, trypsinized and suspended In the 
culture medium including 10% FBS. The cells were pelleted by centrifugation at 1600 
rpm for 1 minute and resuspended in fresh culture medium. The procedure was 
repeated twice. Following the second resuspension, the labelled cells were plated on 

35 top of unlabeled cells of the same origin. These ceils were either pnetreated with 4- 
PB at a concentration of 5 mM P or non-treated serving as a control. The labeled cells 
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were then allowed to settle for 1 hour, followed by analyses using epifluorescence 
detection microscopy every 30 minutes for up to 6 hours. GJC were studied using an 
Olympus BXSOWI microscope equipped with UV epifluorescence and red and green 
attenuating filters. 

5 

Fluorescent dye transfer between neural stem cells and glioma cells 

Donor human neural stem cells (1x1 0 5 HNSC1O0) and recipient human glioblastoma 
cells (1x10 5 U343MGa) cells were ptated each in 4 separate 35mm petri dishes. At 
about 70% uonfluency, 2 plates of donor cells were treated with O.OmM 4-PB and 2 

10 plates of recipient cells were treatad with 5mM PB and 65|jM AGA (18a 
glycyrrhethinfc acid dissolved in DMSO; Sigma) both for 24 hours. Donor cells were 
incubated with 10m M Oil (a fluorescent lipophilic carbocyanine tracer; Molecular 
Probes) and SjjM Calcefn-AM (an acetoxymethyl ester derivative; Molecular Probes) 
for 20 min in complete medium. Cells were washed three times with culture medium 

15 and twice with PBS to remove free dye. After trypsinfzation, cells were pelleted by 
centrifugation and resuspended in co-culture medium. Donor cells 50% confluent 
were added to the plate of recipient cells. AGA treatment, when performed, was 
always continued throughout the experiment Assessment of functional GJC by 
Calcein dye transfer from donor to recipient ceils was carried out after 4 hours using 

20 an Olympus BXSOWI microscope. 

Results 

4-PB upregulates gap junction protein connexin 43 expression In glioblastoma ceils. 
Treatment of glioblastoma cell cultures with 2 rnM 4-PB for 2 days resulted In 
25 Increased expression of the intermediate filament protein and differentiation marker 
Glial Fibrillary Acidic Protein (GFAP) and the gap Junction protein connexin 43 (Fig. 
8). 

Conjunctional treatment of glioma cells with 4-phenylbutymte and ganciclovir 

30 facilitates bystander-mediated cellkilling. 

Rat glioma cells expressing the HSV-TK gene in sense (S6) and antisense (A1) 
orientation were mixed with RFP expressing (HSV-TK negative) cells, In a ratio of 
30% HSV-TK and 70% RFP cells. To investigate specific effects of combining drug 
treatments, ratios from results of MTT analysis from co-cultured clones A1-RFP 

35 (HSV-TK negative) over S6-RFP (HSV-TK positive) were calculated. These ratios 
show a time dependent increase in cell death of cell populations with HSV-TK 
positive cells when ganciclovir and 4-PB are combined. The bystander killing effect 
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was reduced by addition of a-glycyrrhetlnic acid (AGA), an Inhibitor of gap Junction 
communication (Fig. 9). 

Fluorescent dye transfer between glioma cells through gap junction communication 
5 Glioblastoma cells (S6 cells) preloaded with catcein and Dil, as described above, 
were rnfxed with unlabeled recipient cells. Functional gap junction communication 
was assessed by the efficient transfer of calcein from Dil-positive donor cells. The 
transfer could be inhibited by the gap Junction Inhibitor AGA (Fig. 1 0). 

10 Gap junction communication between human neural stem cells and human 
glioblastoma cells. 

Dye transfer between human neural stem cells (HNSC-10D) and human glioma cells 
was observed and assessed serni-quantitatively by fluorescent dye transfer 
technique. Stem cells were preloaded with fluorescent dye, as described above. 
15 Cells were mixed in a ratio of approximately. 30% stem cells with 70% glioma cells. 
Functional gap junction coupling was analysed using epffluorescence microscopy 
(Fig. 11). Efficient dye transfer can be seen from the preloaded stem cells cells 
(yellow) to the glioblastoma cells (green). 

20 Pre4reatment of the neural stem cells and glioblastoma cells for 48 hours with 4-FB, 
0.5 mM and 2 mM respectively, substantially enhanced the dye transfer as compared 
to untreated cells (Fig. 12), 

Conclusions 

25 Gap junction communication can mediate transfer of low molecular weight (<1000 
Da) compounds from one cell to another. This can be exploited in a cell-mediated 
suicide gene paradigm with transfer of cytotoxic molecules from one cell to another. 
The therapeutic efficacy Is related firstly to the delivery of suicide gene-expressing 
cells to the site of disease, secondly to the efficient conversion of a non-toxic prodrug 

30 to a cytotoxic compound within the recombinant cells carrying the suicide gene, and 
thirdly to the transfer of cytotoxic drug to neighbouring cells (bystander effect). We 
strongly believe that short chain aromatic fatty acids, here exemplified by 4-PB, can 
facilitate the communication between cells by up-regulating gap junction structure 
and function. 

35 

Targeting of glioblastoma cells in vivo will be done by using human neural stem cells, 
which previously have been shown to migrate to, and identify glioblastoma cells, in 
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the brain tissue. Our data suggest that stem cells expressing suicide genes, 
combined with short chain aromatic fatty acids to increase gap junction 
communication, can potentiate the activation and spread of systemically delivered 
prodrug to make this tumour cell eradication strategy clinically applicable. 

5 

Example 3. 4-PB enhances the cytotoxic effect of nucleoside analogues 

4-Ptienylbutyrate cytotoxicity assay 

Briefly, cells were harvested by trypsin^aliun, stained by Tryphan Blue for cell 
10 viability counting, seeded In triplicate in 96-well plates (1.000 - 2.000 cells/well) 
where after media conditioned with a fixed concentration of phenyl butyrate (3.16 
mM) was added to the plates followed by Incubation for 24 hours at 37 # C and 5% 
CO* 

Cell proliferationfcytotoxlclty was assessed by adding the colour generating 
15 substrates of the Cell Proliferation kit II (XTT) from Roche (Cat. No. 1465015) and 
measuring absorbance at 450 nm and 690 nm with a Thermo Labsystems Multiscan 
Ascent reader. 

Preincubation of 4-phenyt butyrate prior to cytotoxicity effect assay 
20 Cells were seeded at a density of 1.000-2.000 cells/well in 96-weH plates. Ceils were 
pre-incubated with 4-phenyl butyrate for 24 hours prior to drug exposure by adding 
media conditioned with phenyl butyrate at a fixed concentration (3.16 mM). Plated 
incubated for 24 hours (37°C, 5% CQ 2 ) where after media was discarded and 
replaced by media conditioned with various concentrations of nucleoside analogs 
25 (e.g. AZT), 200 pl/welL After 120 hours of drug exposure the experiments were 
terminated. Cell proliferatfon/cytotoxicity was assessed by adding the colour 
generating substrates of the Cell Proliferation kit II (XTT) from Roche (Cat. No. 
1465015) and measuring absorbance at 450 nm and 690 nm with a Thermo 
Labsystems Multiscan Ascent reader. 

30 

The data was corrected for background media-only absorbance where after the 50% 
growth inhibitory concentration - ICco (the dose that Inhibits cell growth by 50%) was 
calculated for each treatment. 

35 Results 

U343MG cells pre-incubated (24h) w/ Phenylbutyrate: 



FromlNSGENE A/3 



+45 4460 8989 25/02/2004 17:16 #032 P. 043/067 

41 



4.2 times AZT sensitivity improvement 

CL2:6 cells pre-incubated (24 hours) w/ Phenylbutyrate 
1.7 times AZT sensitivity improvement after 120 hours of drug exposure. 
5 1 ,4 times GCV sensitivity increase after 120 hours of drug exposure 

U87MG celis pre-incubated (24h) w/ Phenylbutyrate: 

3.5 times AraC sensitivity increase after 120 hours of drug exposure 

2.3 times CdA sensitivity increase after 120 hours of drug exposure 

1 0 7.8 times Gemcitabine sensitivity increase after 120 hours of drug exposure 



IC« 


U343MG 


CL2:6 


UB7MG 


PB 






4.139 mM 


AZT 


0.056 mM 


0.573 mM 




PB + AZT 


0.0133 mM 


0.349 mM 




GCV 


0.1044 mM 


3.356 mM 




PB + GCV 


0.0799 mM 


2.341 mM 




AraC 






4.335 mM 


AraC + PB 






1.253 mM 


CdA 






5.735 MM 


CdA + PB 






2.508 |JM 


Gemcitabine 






0.2478 pM 


Gemcitabine + PB 






0.03166 MM 



Conclusion. 

4-PB clearly enhanced the efficacy of a series of well-known nucleoside analogues 
1 5 even in the absence of a heterologous deoxynucleoside kinase. 



From:NSGENE A/S 

S20-0G0-DK 



+45 4460 8989 25/02/2004 17:16 #032 P. 044/067 

42 



Claims 

1. A pharmaceutical composition comprising at least one compound capable of 
enhancing gap-junction communication and at least one nucleoside analogue, 

5 

2. The composition of claim 1. wherein said compound capable of enhancing 
gap-junction communication is an aromatic organic add, a pharmaceutical^ 
acceptable salt or an ester or amide of said acid. 

10 3. The composition of claim 2, wherein said aromatic organic acid Is a 
compound of the formula: 



Ri— C— 
I 



c— 

I 



O CD 
II 

C— OH 



wherein Ro Is ary! (e.g., phenyl, napthyl), phenoxy, substituted aryl (e.g., one 
or more halogen [e.g., F, CI, Br, I], tower alky! [e.g., methyl, ethyl, propyl, 
15 butyl] or hydroxy aubstituents) or substituted phenoxy (e.g., one or more 

halogen [e.g., F, CI, Br, I], lower alkyl [e.g., methyl, ethyl, propyl, butyQ or 
hydroxy aubstituents); 

Ri and Rz are each H, lower alkoxy (e.g., methoxy, ethoxy), lower straight and 
branched chain alkyl (e.g., methyl, ethyl, propyl, butyl) or halogen (e.g., F, CI, 
20 Br, I); 

R 3 and Ri are each H, lower straight and branched chain alkyl (e.g., methyl, 
ethyl, propyl, bulyl), lower alkoxy (e.g., methoxy, ethoxy) or halogen <e.g.. F, 
CI, Br, I); and 
n is an integer from 0 to 2; 
25 salts thereof (e.g., Na\ K + or other pharmaceutical^ acceptable salts); 

stereoisomers thereof; and mixtures thereof. 

4. The composition of claim 2, wherein Ro=aryl, phenoxy. substituted aryl or 
substituted phenoxy; 

30 Ri and R 2 =H, lower alkoxy, lower straight and branched chain alkyl or 

halogen; 
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R a and R4=H, lower alkoxy, lower straight and branched chain alkyl or 

halogen; and 

n=an Integer from 0 to 2; 

salts thereof; stereoisomers thereof; and mixtures thereof. 

5 

5. The composition of daim 3, wherein said aromatic fatty acid is selected from 
the group consisting of phenylacetic acid, phenylpropionic acid, phenylbutyric 
acid, 1-naphthylacetic acid, phenoxyacetic acid, phenoxypropionic add, 
phonoxybulyric acid, 4-chlorophenylacetic acid, 4-chlorophenylbutyrlc acid, 4- 

1 0 iodophenylacetlc add, 4-iodophanylbutyric acid, a-methylphenylacetic acid, ct- 

methoxyphenylacetic acid, a-ethylphenylacetic acid, a-hydroxyphenylacetic 
acid, 4-fluorophenylacetic acid, 4-fluorophenylbutyric acid, 2- 
methylphenylacetlc acid, 3-methylphenylacetlc acid, 4-methylphenylacetlc 
acid, 3-chlorophenylacetlc add, 3-chtorophenylbutyric acid, 2- 

15 chlorophenylacetlc acid, 2-chlorophenylbutyric acid and 2.6- 

dichlorophenylacetic add, and the sodium salts of the these compounds. 

6. The composition of claim 5, wherein the aromatic organic acid is 4- 
Phenylbutyrate or a pharmaceutical^ acceptable prodrug thereof. 

20 

7. The composition of claim 2, wherein the aromatic organic acid is 2- 
Phenylbutyrate or a pharmaceutically acceptable prodrug thereof. 

8. The composition of dalm 5, wherein the aromatic organic acid is phenylacetic 
25 add or a pharmaceutically acceptable salt or an ester of phenylacetic acid. 

9. The composition of claim 1, wherein the compound capable of enhandng 
gap-junction communication is valproic acid, a pharmaceutically acceptable 
salt thereof or a prodrug of valproic acid. 

30 

10. The composition of dalm 1, wherein the compound capable of enhancing 
gap-junction communication is spHtomicin. a pharmaceutically acceptable salt 
thereof or a prodrug of splltomicin. 



35 



11. The composition of claim 1, wherein the compound capable of enhandng 
gap-junction communication is butyric acid, a pharmaceutically acceptable 
salt thereof or a prodrug of butyric acid. 



FromlNSGENE A/S 

S20-000-DK 



+45 4460 8989 25/02/2004 17:16 #032 P. 046/067 

44 



10 



15 



12. The composition of any of the preceding claims, further comprising a source 
of deoxyrlbonucleoside kinase. 

13. The composition of claim 12, wherein the source of deoxyrlbonucleoside 
kinase is a gene therapy vector. 

14. The composition of claim 13, wherein the gene therapy vector is a virus 
vector, 

15. The composition of claim 14, wherein the virus vector is selected from the 
group consisting of being a viral vector, in particular a Herpes simplex viral 
vector, an adenoviral vector, an adenovfrus-associated vira! vector, a 
lentivirus vector, a retroviral vector or a vaccinlavlral vector. 

16. The composition of claim 15, wherein the source of deoxyrlbonucleoside 
kinase comprises a composition of packaging cells capable of producing an 
infective virion comprising said virus vector. 

20 17. The composition of claim 13, wherein the gene therapy vector is a plasmid 
vector, 

18. The composition of claim 17, wherein the plasmid vector is selected from the 
group consisting of general eukaryotic expression vectors, vectors for stable 

25 and transient expression and epitag vectors as well as their TOPO derivatives 

for fast cloning of desired Inserts. 

19. The composition of claim 12, wherein the source of deoxyribonucleoslde 
kinase comprises a protein formulation. 

30 

20. The composition of claim 19, wherein the protein is formulated as a liposome 
composition. 

21. The composition of claim 12, wherein the source of deoxyrlbonucleoside 
35 kinase comprises a composition of human stem cells genetically engineered 

to express a heterologous deoxyribonucleoslde kinase. 
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22, The composition of claim 21, wherein the stem ceils used in a stem cell- 
mediated therapy approach originates from the same tissue as the tumor cells 
or the same growth layer or alternatively originates from the bone marrow. 

5 23, The composition according to any of the preceding claims 12 to 21, wherein 
the deoxyrlbonucieoside kinase is selected from the group consisting of 

a. a deoxyribonucleoside kinase having the amino acid sequence of any 
of SEQ ID No 1 to 17; 

b. a deoxyiibonuulBoaide kinaa» variant comprising an amino acid 
10 sequence having at least 50% sequence identity to any of SEQ ID No 

1 to 17; and 

c. a deoxyribonucleoside kinase encoded by a nucleotide sequence 
capable of hybridising under conditions of high stringency to a 
nucleotide sequence encoding any of SEQ ID No 1 to 17. 

15 

24. The composition the deoxyribonucleoside kinases comprise a 
deoxyribonucleoside kinase selected from the group consisting of 

a. a deoxyribonucleoside kinase having the amino acid sequence of 
any of SEQ ID NO 1 to 5; and 
20 b. a deoxyribonucleoside kinase variant comprising an amino acid 

sequence having at least 70% sequence identity to any of SEQ ID 
No 1 to 5 and having dNK activity. 

25. The composition according to any of the preceding claims, wherein the 
25 nucleoside analogue is selected from the group consisting of aciclovir (9-[2- 

hydroxy-©thoxy]-methyi-guanoslne), buciclovir, famciclovir, ganciclovir (9-[2- 
hydroxy-l-(hydroxymethyl)ethoxyl-methyq-guanosine), penclclovlr, valciclovir, 
trifluorothymidtne, AZT (3^aztdo~3Mhymidine), AIU (5 , -^odo-5*-aTnino-2\5 , - 
dideoxyurfdine), ara-A (adenosine-arablnoslde; Vfvarabine). ara-C (cyttdine- 

30 arabinoside), ara-G {9-beta-D-arabinofuranosylguanine), ara-T, 1-beta-D- 

arabinofuranosyl thymine, 5-ethyl-2'-deoxyurfdine, 5-iodo-5'-amlno-2 f 5 F - 
dideoxyuridine, 1-[2-deoxy-2-fluoro-beta-D-arabino furanosylJ-5-lodouracil, 
idoxuridine (5-iodo-2'deoxyuridine), fludarabine (2-Fluoroadenlne 9-beta-D- 
Arabinofuranoside). gencitabine, 3'-deoxyadenosfne (3-dA) r 2\3*- 

35 dldeoxyinosine (ddl), 2\3'-dldeoxycytidine (ddC), 2\3 % -dideoxythymldine 

(ddT), 2\3*-dfdeoxyadenoslne (ddA), 2\3'-dideoxyguanosine (ddG), 2-chloro- 
2 , -deoxyadenosine (2CdA), 5-fluorodeoxyuridine f BVaraU ((E)-5-(2- 
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bromovfnyl)-1-beta-D-arablnofuranosyluracil), BVDU (5-bromovlnyl- 
deoxyuridina), FIAU (1-{2-deoxy-2-fluoro-beta-D-arabinofuranosyl)-5- 
lodouracil), 3TC (2*-daoxy-3Mhiacytidine), dFdC gemcitabine (2\2*- 
difluorodeoxycytidlne), dFdG (2',2'-difluorodeoxyguanosine), 5- 
5 fluorodeoxyurldlne (FdUrd), d4T (2\3'didehydra-3'-deoxythymidine), ara-M 

(6-methoxy purinearablnonucteoside), ludR (5-Jodo-2*deoxyuridine), CaFdA 
(2-chtoro-2-ara-fluoro-deoxyadenoslne), ara-U (1-beta-D- 

arabinofuranosyluracil), FBVAU (E)-S-(2-bromovinyl)-1-(2-d6oxy.2-fluoro- 
beta-D-arablnoruiariosyOuracil, FMAU i-(2-deoxzy-2-fluoro-beta-D~ 
10 arabinofuranosyl)-5-methyluracll, FIT 3'-fluoro-2'-deoxythymidine, 5-Br-dUrd 

5-bromodeoxyurldine, 5-CI-dUrd 5-chlorodeoxyuridine, dFdU 2\2'- 
difluorodeoxyuridine, (-)Carbowr (C-D4G), 2,6-Diamino-ddP (ddDAPR; 
DAPDDR; 2.643lamino-2\3'-dideoxypurine-9-ribofuranoside), 9-<2'-Azldo- 
2',3 , -dideoxy-3-D-erythropentofuranosyl)adenlne (2'-Azido-2\3'- 
15 dideoxyadenoslne; 2'-N3ddA), 2TddT (^-Ruoro-^.y-dideoxy-p-D-eiythro- 

pentofuranosyl)thymina). 2'-N3ddA(B-D-threo) ( Q-^'-Azido-Z.S'-dideoxy-p-D- 
threopentofuranosyl)adenlne), 3-(3-Oxo-1-propenyl)AZT (3-{3-Oxo1- 
propenyD-S'-azido-S'-deoxythymidine), 3'-Az-5-cl-ddC (3'-Azldo-2',3'-dideoxy- 
5-chlorocytidine). 3'-N3-3'-dT (3'-A2ido-3'-deoxy-6-azathymldine), 3'-F-4-Thlo- 
20 ddT (2 , ,3'-Dideoxy-3 , -fluoro-4-thlothymidina), 3'-F-5-CI-ddC (JW-DUecKy^- 

fluoro-5-chlorocytidine), 3'-FddA (B-D-Erythro) (9-(3'-Fluoro-2\3'-dideoxy-B-D- 
erythropantafuranosyl)adenine), Uravidine (3^AzWo-^3'-dideoxyuridine; 
AzdU), 3*-FddC (3^uoro-2' I 3 , -dideoxycyfldine), 3'-F-ddDAPR (2,6- 
Dlaminopurine-S'-fluo^'.S'-dldeoxyrlboaJde), 3'-FddG (S'-Fluoro-S'.S'- 
25 dideoxyguanosine), 3'-FddU (3'-F!uor©-2\3'-dideoxyuridine), 3'- 

Hydroxymethyl-ddC (2\3'-Dideoxy-3'4iydroxyTnethyl cytldine; BEA-005), 3'- 
N3-5-CF3-ddU (S'-AzIdo-Z.S'-dideoxy-S-trlfluoPomethyluridine), 3'-N3-5- 
Cyanomethyloxy-ddU OVAzido-Z^'-dideoxy-S-KcyanomethyOoxyluridine), 3'- 
N3-5-F-ddC (S'-Azido-^.y-dideoxy-S-fluorocyfidine). 3'-N3-5-Me-ddC (CS-92; 
30 3'.Aztdo-2',3'-dideoxy-5-nri0thylcytidine), 3'-N3-5-NH2-ddU (3%Azido-?,ar- 

dideoxy-5-arnlnouridine), 3'-N3-5-NHMe-ddU (S'-AzidoW-dideoxy-s- 
mathyaminouridine), 3'-N3-5-NMe2-ddU (3'-Azldo-2',3'-<Jldeoxy-5- 
dfmethylamtnourfdine), 3*-N3-5-OH-ddU O'-Azldo-Z.S'-dideoxy-B- 
hydroxyuridine). 3'-N3-5-SCN-ddU (a'-Azido-a'.S'-dideoxy-S- 

35 thlocyanatouridine). 3MM3-ddA (9-(3'-Azldo-2' r 3'-dldeoxy-B-D- 

erythropentafuranosyl>adenine) f 3'-N3-ddC (CS-91; 3'-Azldo-2\3'- 
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dideoxycytidlne), 3'-N3ddG (AZG; 3 , .Azldo-2',3'-dideoxyguanoslne), 3--N3-N4- 
5-diMe-ddC (3 , -Azldo-2 , .3 , -dldeoxy-N4-5-dimethylcytldlne), 3'-N3-N4-OH-6- 
Me-ddC (S'-Azido-a'^'-dideoxy^-OH-S-methyloyBdins), 4'-Az-3'-dT (4'- 
Azido-y-deoxythymidine). ^-Az-SCIdU <4W\zldo-5-chloro-2^deoxyuridlne), 4'- 
5 AzdA <4'-Azido-2'-deoxyadenosine). 4'-AzdC (4'-Azido-2'-deoxycytidirie), 4'- 

AzdG (4'-A2ldo-2 , -deoxyguanosine) 1 4'-Azdl (4'-Azido-2'<ieoxyInos!ne). 4'- 
AzdU (4'-Azido-2'-deoxyuridine), ^-Azldothymidine (^-Aztdo^'-deoxy-.faeta.- 
D-erythro-pentofuranosyl-5-melhyl-2,4-dIoxopyrimidine), 4'-CN-T (4'- 
Cyanolhymldinw), 5-El-ddC (^a'-Dideoxy-e-ethylcytldlne). 5-F-ddC (5-Fiuoro- 
10 a'.S'-dideoxycytidfne), 6CI-ddP (D2CIP; 6-Chloro-ddP; CPDDR; 6-Chloro-9- 

(2,3-dideoxy-.beta.-D-glyceropentofuranoayl)-9H-purine), 935U83 (2\3'- 
Dldeoxy-y-tluoro-S-chlorourldlne; s-Chloro-Z.ff-dideoxy-y-fluorouridme; 
FddCIU; Ralurldine), AZddBrU (3'-N3-5-Br-ddU; 3'-Azido-2',3'-dideoxy-5- 
bromouridine), AzddCIU; AzddCIUrd (3'-Azido-5-chloro-2' t 3'-dideoxyuridine). 
15 AZddEtU (3'-N3-5-EtddU; CS-B5; 3'-Azldo-2\3'-dfdeoxy-5^thy1uridine), 

AZddFU (3 , -Azldo-2',3 , -dideoxy-6-fluorouridine), AZddlU (3"-N3-5-l-ddU; 3'- 
AzIdo-^.S'-dideoxy-S-iodouridlne), AZT-2,5*-anhydro (2.5 , -Anhydro-3 , -azldo- 
3'-deoxythymidIne), AZT-a-L (a-L-AZT), AZU-2,5'-anhydro p.S'-Anhydro-y- 
aztdo-Z.S'-dideoxyuridine). C-analog of 3'-N3-ddU (3'-AHdo-2\3'-dideoxy-5- 
20 aza-6-deazaurldlne), D2SMeP (9-(2,3-Dideoxy-p-D-ribofuranosyl).6- 

(methylth!o)purine). D4A (2',3'-Dideoxydldehydroadenos?ne). D4C (2',3'- 
Didehydro-S'-deoxycytldine), D4DAP (2.6-Dlamlnopurine-2',3'- 

dtdeoxydldehydroriboside; ddeDAPR). D4FC (D-D4FC; y.S'-Didehydra^- 
dldeoxy-Sfluorocytidine), D4G (^.y-DIdehydro-^.S'-didooxyguanoslne), 
25 DMAPDDR <N-6-dimettiy{ ddA; 6-DlmethyIaminopurine-2 , .3 , -dideoxyriboslde), 

dOTC (-) ((.^'-Deoxy-S'^xa^'-thlocytldine), dOTC (+) ((+)-2 , -D?oxy-3'-oxa- 
4'-thiocyUdine). dOTFC (-) ((-)-2'-Deoxy-3'-oxa-4'-thio-5-fluorocylidina) t 
dOTFC {+} ((+}-2'-Deoxy-3'-oxa-4'-thio-5-f1uorocytidine), DXG ((-)-P- 
Dtexolane-G). DXC-a-L-(a-L-Dioxalane-C). FddBrU (2\3'-Dideoxy-3'.fluoro-5- 
30 bromouridine), FddlU (3'-Fluoro-2' 1 3 , -dideoxy-5-iodouridine), FddT (Alovudine; 

3'-FddT; FddThD; 3«-FLT; FLT), FTC (Emtrlcltablne; Covtracll; (-)-FTC; (-)- 
2',3'-Dideoxy-5-fluoro-3'-thfacytidino), FTC-a-L- (a-L-FTC), L-D4A (L-2',3'- 
Dldehydro-2\3^dideoxyadenoslne), L-D4FC (L.-2',3'-Didehydro-2',3'-dideoxy- 
5-fluorocytidine). L-D4I (L-Z.S'-Didahydro-^.S'-dideoxyinosine), L-D4G (L- 
35 ^.^-Didehydro-Z.^deoxyguanosine). L-FddG (p-L-5F-ddC), Lodenosine (F- 

ddA; 2'-FddA (B-D-threo); 2'-F-dd-ara-A: 9-(2'-Fluofo-2',3'-dideoxy-B-D- 
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threopentafuranosyOadenlne), MaAZddlsoC (5-MethyI-3'-azldo-2' F 3'- 
dideoxylsocytidine), N6-Et-ddA <N-Ethyl-2\3'-dideoxyadenosine), N-6-methyl 
ddA (N6-Methyi-2',3'-dldeoxyadenosine) or RO31-6840 (1-(2\3'-Dideoxy-2'- 
fluoro-p-D-threo-pentofuranosyl)cytosine). 

5 

26. The composition according to any of the preceding claims wherein the 
nucleoside analog is cytidine analog, a guanosine analog or an adenosine 
selected from the group consisting of dFdC gemdtabine (2\2*- 
difluorodeoxycytidlne), 2-cffloro-2'-deoxyadBnoslne (2CdA), CaFdA (2-chloro- 

10 2-ara-fluoro-deoxyadenosine), fludarabine (2-Ruoroadenine 9-beta-D- 

Arabinofuranoside), 2\3*-dideoxycytidine (ddC), 2-.3'-dideoxyadenosine 
(ddA), 2'.T-dideoxyguanosine (ddG), ara-A (adenosine-arabinoside; 
Vivarabine), ara-C (cytidine-arabinoside), ara-G (9-beta-D- 
arabinofunanosylguanlne), aciclovir (9-[2-hydroxy-ethoxy]-methyl-guanosine), 

15 buciclovir, famciclovir, ganciclovir {9-[2-hydroxy-1-(hydroxymethyl)ethoxyt- 

methylj-guanosine), penciclovir, valciclovir, 3TC (a'-deoxy^-thlacytldine), 
dFdG (2\2*-difluoR3deoxyguanoslne). 2.6-Diamino-ddP (ddDAPR; DAPDDR; 
2,6-Diamfno-2\3 , <lideo>cypurlne-9-rto^ 

D-erythropentofuranosyl)adenine {^-Azido-^.y-dideoxyadenosine; 2'- 

20 N3ddA). a'-NSddAO-D-threo) <9-{2V\zldo-2',3'-dideoxy-3-D- 

threopentofuranosyl)adenine), 3'-Az-5-cl-ddC (ff-Azido-^S'-dideoxy-S- 
chlorocytidine), 3*-F-5-CI-ddC (2 , ,3 , -Dldeoxy-3 , -fluoro-5^hlorocytidine), 3'- 
FddA (B-D-Erythro) (g-O'-Fluoro-Z.S'-dideoxy-B-D- 

erythropentafuranosyl)adenine), 3'-FddC <3M=luoro-2\3^ideoxycytidlne). V- 

25 F-ddDAPR (2,e-Diaminopurine-3 , -fluoro2',3 , ^ideoxyrlboside). 3'-FddG (3'- 

Fluoro.2',3'.dideoxyguanosine). 3'-Hydroxymethyl-ddC (2\3'-Dideoxy-3'- 
hydroxymethyl cytidine; BEA-005). 3'-N3-5-F-ddC (S'-AzidoW-dideoxy-S- 
fluorocytidine), 3'-N3-5-Me-ddC (CS-92; y-AzldoW-dldeoxy-S- 
mathylcytldine), 3'-N3-ddA (g^3 > -Azido-2\3'-dideoxy-B-D- 

30 erythropentafuranosyi)adenine), 3'-N3-ddC (CS-91; 3'-Azldo-2\3'- 

dldeoxyeytidine). 3'-N3ddG (AZG; 3W\zido-2\3'-dideoxyguanosine), 3'-N3-N4- 
5-diMe-ddC (3 , -A2ldo-2 , ,3'-dideoxy.N4~5-dimethylcytidine), 3*-N3-N4-OH-S- 
Me-ddC (3'-Azido-2',3 , -dideoxy-N4-OH-5-methylcyUdine), 4'-AzdA (4'-Azldo- 
2'-deoxyadenosine), 4'-AzdC (4'-Azldo-2 , -deoxycytidine). 4'-AzdG (4'-Azldo- 

35 2'-deoxyguanosine), 5-Et-ddC (^.S'-Dideoxy-S-ethyicytldlne), 5-F-ddC (5- 

Fluoro-Z.S'-dideoxycytidine). 6CI-ddP (D2C!P; 6-Chlon>ddP: CPDDR; 6- 
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Chloro-9-(2.3-dideoxy-.beta.-D-glyceropentofuranosyl)-9H-purine), D2SMeP 
(9-(2,3-Dicieoxy-p-D-ribofuranosyI)-6-(methylthio)purine). D4A (2\3'- 
Dideoxydidehydroadenosine), D4C (^Dldehydro-S'-deoxycvtldlne). D4DAP 
^.e-Diaminopurine-^.^-dldeoxydldehydroriboside; ddeDAPR), D4FC (D- 
5 D4FC; ^.a'-Didehydro-^.a'-dideoxy-S-fluorocyadlne), D4G (2\3'-Didehydrc- 

Z.S-dideoxyguanosine), DMAPDDR (N-6-dlmethyl ddA; 6- 
Dlmethy[aminopurine-2',3"-dideoxyriboside>. dOTC (-) ((-).2'-Deoxy-3'-oxa-4«- 
thiocytldine), dOTC (+) ((+)-2'-Deoxy-3'K>xa-4Mhiocyadine), dOTFC (-) ((-)-2'- 
Deoxy-S'-oxa^'-thla-S-fluorocytidine). dOTFC (+) (<+)-2>Deoxy-3^oxa-4^thlo. 
10 5-fluorocytidine), DXQ ((-)-p-Dioxolane-G). OXC-a-L-(o.L-Dloxalane-C). FTC 

(Emtricitabine; Covlracil; (-)-FTC; (-)-2',3'.Did e oxy-5-fluort>3 1 4hiacytldin e ), 
FTC-a-L- (a-L-FTC), L-D4A (L-2',3'-Didehydro-2'.3'-dideoxyadenos1ne). L- 
D4FC (L-2\3*-DfctetVd^2\3'^ideoxy^fluoiocytidine). L-D4I <L-2\3'- 
Didehydfo-2'.3'-dideoxyinosine). L-D4G <L-2\3'-Did e hydro-2'.3'- 

15 deoxyguanosine), L-FddC <p-L-5F-ddC). Lodenosine (F-ddA; 2'-FddA (B-D- 

threo); 2'-F-dd-ara-A; g.(2'-Fluoro-2 1 .3'-dideoxy-B.D. 

threopentafuranosyl)adenine), MeAZddlsoC (S-Methyl-S'-azldo-^ 1 - 
dideoxyisocytidlne), N6-Et-ddA (N-EthyW-dideoxyadenosine). N-6-methyl 
ddA (N6-Methyi-2 , .3'-dldeoxyadenosine) or RO31-6840 (1-(2\3'-Dideoxy-2'- 
20 fluorop-D-threopentofuranosylJcytosine). 

27. The composition according to any of the preceding claims, wherein the at 
least one nucleoside analogue is selected from the group consisting of D4T, 
ddC, AZT, ACV, 3TC, ddA Fludarabins, Cladrlblne, araC, gemcltablne, 

25 Clofarabine, Nelarabine (araG), and Ribavirin. 

28. The composition according to any of the preceding claims, wherein the at 
least one nucleoside analogue is gemcltabine or AZT . 

30 29. The composition according to any of the preceding claims, comprising at least 
two nucleoside analogues, such as at least 3 nucleoside analogues, for 
example at least 4 nucleoside analogues, such as at least 5 nucleoside 
analogues. 

35 30. The composition according to any of the preceding claims, comprising at least 
three compounds capable of enhancing gap-Junction communication, such as 
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at least 3 compounds, for example at least 4 compounds, such as at least 5 
compounds. 

31. A method of treating cancer comprising administering to a patient in need 
5 thereof a therapeutically effective amount of at least one compound capable 

of Increasing gap-junction communication, and at least one nucleoside 
analogue. 

32. The method of claim 31. further comprising administering a source of 
1 0 deoxyribonucleoslde kinase. 

33. The method of claim 31 , wherein the cancer is a multicellular cancer type. 

34. The method of claim 32, wherein the cancer is selected from the group 
1b consisting of glioblastoma, bladder cancer, neuroblastoma, esophageal 

cancer, tongue cancer, hepatocellular carcinoma, lung cancer, malignant 
melanoma, ovarian cancer, prostate cancer, renal cell carcinoma, and breast 
cancer. 

20 35. The method of claim 34. wherein the cancer is breast cancer or glioblastoma. 

36. The method of claim 32, wherein the deoxyribonucleoslde kinase is 
administered to the cancer cells using a gene therapy vector. 

26 37. The method of claim 36. wherein the gene therapy vector is a virus vector 
selected from the group consisting of Herpes simplex viral vector, adenoviral 
vector, adenovirus-associated viral vector, lentiviral vector, retroviral vector, 
and a vacciniaviral vector. 

30 38. The method of claim 37, wherein the gene therapy vector is administered to 
the cancer cells by Implanting a composition of packaging cells capable of 
producing an infective virion comprising the viral vector. 

39. The method of claim 38, wherein the packaging cells are encapsulated, 
35 and/or wherein the packaging cells are attached to a support matrix. 



40. The method of claim 36. wherein the gene therapy vector Is a plasmld vector. 
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41. The method of claim 40, wherein the plasmid vector is selected from the 
group consisting of general eukaryotlc expression vectors, vectors for stable 
and transient expression and epitag vectors as well as their TOPO derivatives 

5 for fast cloning of desired inserts. 

42. The method of claim 32, wherein the thymidine kinase is administered to the 
cancer cells by implanting a composition of human stem cells, comprising a 
heterologous expression construct capable of expressing said 

10 deoxyribonucleoside kinase, and wherein said human stem cells are capable 

of forming a tight junction with cells in the tumour. 

43. The method of claim 42, wherein said human stem cells are human neural 
stem cells. 

15 

44. The method of any of the preceding claims 31 to 43, comprising 
administration of the composition of any of the preceding claims 1 to 30. 

45. The method of any of the preceding claims 31 to 43, wherein said compound 
capable of enhancing gap-junction communication is 4-phenylbutyrate. or a 
pharmaceutical^ acceptable salt thereof. 

46. Use of at least one compound capable of enhancing gap-junction 
communication, and at least one nucleoside analogue, for the preparation of 

25 a medicament for the treatment of cancer. 

47. The use of claim 46, further comprising a source of deoxyribonucleoside 
kinase. 

30 48. The use of claim 47, wherein the source of deoxyribonucleoside kinase 
comprises a gene therapy vector capable of transducing at least a fraction of 
the cancer ceils. 

49. The use of claim 47, wherein the source of deoxyribonucleoside kinase 
35 comprises a composition of packaging cells capable of producing an infective 

virion comprising a viral gene therapy vector. 



20 
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50. The use of claim 47, wherein the source of deoxyribonucleoside kinase 
comprises a protein formulation. 

51. The use of claim 47, wherein the source of deoxyribonucleoside kinase 
5 comprises human stem cells, genetically modified to overexpress a 

deoxyribonucleoside kinase capable of converting said prodrug into a 
cytotoxic drug. 



10 



15 



20 



52. The use of claim 46, wherein the cancer is a multicellular, sotid tumor . 

53. The use of claim 62. wherein the cancer is selected from the group consisting 
of glioblastoma, bladder cancer, neuroblastoma, esophageal cancer, tongue 
cancer, hepatocellular carcinoma, lung cancer, malignant melanoma, ovarian 
cancer, prostate cancer, renal cell carcinoma, and breast cancer. 

54. The use of claim 53, wherein the cancer is breast cancer or glioblastoma. 

55. The use of claim 47, wherein said medicament comprises the composition 
according to any of the preceding claims 1 to 30. 

56. The use of claim 47, wherein said medicament comprises 4-phenylbutyrate or 
a pharmaceutical^ acceptable salt thereof. 



57. A method of augmenting the therapeutic activity of a nucleoside analogue 
25 based cancer therapy, said method comprising administering to a patient an 

amount of at least one compound capable of enhancing gap-junction 
communication and thereby augmenting the therapeutic activity of said 
nucleoside analogue based therapy. 

30 58. The method of claim 57, wherein said nucleoside analogue based therapy 
further comprises administration of a source of deoxyribonucleoside kinase. 

59. The method of claim 57, wherein said compound capable of enhancing gap- 
junction communication is 4-phenylbutyrate or a pharmaceutical^ acceptable 
35 salt thereof. 
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60. The method of claim 57, comprising administering the composition according 
to any of thB preceding claims 1 to 30. 

61. Articles containing at least one nucleoside analogue and at least one 
5 compound capable of enhancing gap-junction communication as a 

combination for the simultaneous, separate or successive administration in 
cancer therapy. 

62. Artlolee of claim 61, further comprising a source of deoxyrlbonucteoside 
10 kinase. 

63. Articles of claim 61, wherein said compound capable of enhancing gap- 
junction communication is 4-phenylbutyrate or a pharmaceutical^ acceptable 
salt thereof. 

15 

64. Articles of claim 61, comprising the composition according to any of the 
preceding claims 1 to 30. 

65. Articles of claim 61, wherein the cancer is a multicellular cancer type. 

20 

66. Articles of claim 61, wherein the cancer is selected from the group consisting 
of glioblastoma, bladder cancer, neuroblastoma, esophageal cancer, tongue 
cancer, hepatocellular carcinoma, lung cancer, malignant melanoma, ovarian 
cancer, prostate cancer, renal cell carcinoma, and breast cancer. 



67. Articles of claim 61 . wherein the cancer is breast cancer or glioblastoma. 
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Fig. 1 
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Fig. 4 
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